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Studies on a Kentucky Knobs Lake II. Some Aquatic 
Nematocera (Diptera) from Tom Wallace Lake 


Stuart E. Nerr! 


Department of Biology, University of Louisville 
Louisville, Kentucky 


INTRODUCTION 


inch benthic flora and fauna make up an important segment of 
most aquatic ecosystems any complete estimate of lacustrine produc- 
tivity must rely to some extent upon accurate qualitative and quan- 
titative sampling of the bottom-dwelling organisms. Moreover, as 
increasing emphasis is placed upon the autecology of various benthic 
organisms, including the aquatic insects, it will become even more 
important that precise identification of all stages of the species be 
made. 

The study reported here concerns the aquatic nematocerous Diptera 
found in and about Tom Wallace Lake, a small impoundment in the 
Jefferson County Forest near Louisville, Kentucky. Some limno- 
logical features of this lake and the topography of the surrounding 
area have been described by Cole (1954). Nematocerous fly larvae 
are the predominant members of the macrobenthic community of 
this lake, although littoral areas contain megalopterids (Svalis sp.), 
gastropods (Physa), and naiads of the Odonata and Ephemerop- 
tera. Oligochaetes of the genus Dero occur at littoral and sublittoral 
depths but contribute little to the total benthic biomass. 

The purpose of this paper is twofold: first, to present some taxo- 
nomic information which will be useful in future quantitative studies 
of the benthos as a whole, and in any ecological studies of individual 
species ; second, to report a few data concerning the dipterous species 


1 Present address: Department of Entomology and Limnology, Cornell University, 
Ithaca, N. Y. 
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now present so that any faunal changes which might occur as the 
lake ages can be detected by some later worker. 

An Ekman dredge, covering an area of 36 square inches, was 
regularly employed in collecting, and a 40-mesh sieve was used in 
screening the bottom samples. Several adult flies were reared in the 
laboratory from pupae and larvae thus taken. Collections were 
made at irregular intervals from September 1951, to July 1954, but - 
no sampling was carried out during the months of August and Jan- 
uary. During the summer of 1954 a light was used to collect winged 
adults along the lake shore. 

All specimens were identified from the keys and descriptions of 
Johannsen (1905, 1934, 1937a, 1937b), Townes (1945) and Johann- 
sen and Townes (1952) and Matheson (1945). At present there is 
some question as to the validity of certain generic names that have 
been in common usage for a number of years. Where this nomen- 
elatorial problem applies in this paper both the valid name and its 
more familiar synonym are given. 

The three families of nematocerous Diptera whose immature stages 
were taken from Tom Wallace Lake were the Culicidae (Chaobori- 
nae), the Tendipedidae (= Chironomidae), and the Heleidae (= 
Ceratopogonidae). 


CULICIDAE 


CHAOBORINAE 


The subfamily Chaoborinae is represented in the benthos of Tom 
Wallace Lake by a single species, Chaoborus (= Corethra) puncti- 
pennis, the phantom midge. Their larvae differ from other culicid 
larvae in that they lack mouth brushes. They possess raptorial 
antennae that aid in capturing food. Two pairs of air saes are 
plainly visible within the transparent body. 


Chaoborus punctipennis Say 


Larva (8-10 mm.) Transparent. Head with raptorial antennae; five 
pairs of post antennal filaments. Mandibular fan with about 25 rays. Two 
pairs of air sacs; anterior pair in thorax; posterior pair in antepenultimate 
abdominal segment. Anal fan with 18 to 20 rays. 

Pupa (3.5-4 mm.) Whitish, translucent. Large spindle-shaped respira- 
tory organs with coarse reticulations over their surfaces. Blades of anal 
fin with midrib bearing branched setae. 

Imago (4 mm.) Vein R ends much closer to tip of R, than to tip of 
Sc; wing scales, usually, on fringe of wings only; some darkened areas on 
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wings. Femora and tibiae of legs with distinct spots. Thorax and abdo- 
men with mottled appearance. 


From a quantitative standpoint this species constitutes the pre- 
dominant dipterous larva of the benthic community of the lake. The 
numerical importance of this form was emphasized by the fact that 
at times profundal regions contained more than 55,000 individuals 
per square meter. However, classifying these larvae as bottom dwell- 
ing organisms is not completely satisfactory for they exhibit a daily 
migration, rising from the upper layers of the bottom ooze at night 
to prey upon zooplankters in the overlying water. At Tom Wallace 
Lake they were sometimes present in subsurface water samples taken 
at depths from 5 to 7 meters, indicating that at least a few in- 
dividuals were swimming 2 or 3 meters above the profundal deposits 
during the day. Juday (1921) and Eggleton (1932) discussed this 
phenomenon, stating that the younger larvae occupy the limnetie 
habitat and often appear in diurnal plankton samples. The larvae 
were found throughout the year in great numbers in profundal sedi- 
ments of Tom Wallace Lake. Some occurred in sublittoral samples, 
but they were usually not found farther up the basin slope than the 
4 m. isobath. 


TENDIPEDIDAE 


The larvae of this family form the most diverse group of nemato- 
eerous Diptera that inhabit the bottoms of lakes and pools. Many 
of the larvae possess a haemoglobin-like substance, erythrocruorin, 
whose bright red color accounts for the common name for the larvae— 
**blood-worms.”’ 

The head capsule of the larvae provides some information as to 
feeding habits and has some rather heavily sclerotized areas that 
are of taxonomic value. Because the tips of the mandibles and the 
labial plate are generally the most strongly chitinized parts of the 
head, they are the most easily recognized parts of the empty head 
capsule. The presence or absence of paralabial plates, the retractility 
or non-retractility of the antennae, and the structure of the anal 
and ventral ‘‘gills’’ are characters of taxonomic significance. 

Diagnosis of pupae rests upon the type and structure of the 
thoracic respiratory organs, the occurrence of spines on the sternites 
of the abdomen, and the presence or absence of lateral filaments on 
the seventh or eighth abdominal segments. The structure of the spur 
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borne on the latero-posterior edge of the eighth abdominal segment 
is somewhat variable but proves helpful in separating the pupae of 
several species of the tribe Tendipedini. 

The taxonomic revision of the nearctic Tendipedini by Townes 
(1945) has raised the rank of many sub-genera to generic rank and 
ereated some difficulties in identifying specimens. This revision gives 
little information on the immature stages of the species but does 
suggest some methods for the rearing of adults. 

The species of the Tendipedidae whose immature stages have been 
encountered in bottom samples or whose adults have been collected 
at lights placed on the edge of Tom Wallace Lake may be grouped 
as follows: 

PELOPIINAE (== TANYPODINAE) 

The larvae of this group do not live in tubes but actively move 
about preying upon benthic organisms and other chironomids. 
Leathers (1922) describes the head of the larva as a powerful suck- 
ing device and reports prey are held with the anterior prolegs and 
the mandibles while internal juices and the contents of the ali- 
mentary canal are removed. 

This subfamily seems to represent a more primitive group than 
the other subfamilies of the Tendipedidae. The predatory activity 
of the larvae, the free-swimming pupae (which resemble the pupae 
of the Culicidae), the wing venation, and the structure of the male 
genitalia seem to substantiate this conclusion. The following species 
were encountered during the course of this study. 


Pelopia (= Tanypus) punctipennis Meigen 


Larva (6-8 mm.) Yellowish. Head short, about as long as broad. Eyes 
reniform. Basal segment of retractile antenna about 5 times as long as rest 
of segments combined, with ring organ on its apical fourth. Mandibles 
short and without distinct teeth. Paralabial combs weak with colorless 
teeth. Lingua (glossa of European authors) of hypopharynx with five, sub- 
equal yellowish teeth. Body segments with tufts of hairs on lateral margins. 
Preanal papillae with about fifteen bristles each. Six anal gills. 

Pupa (5 mm.) Thoracic respiratory organs short, ovoid with spinose- 
reticulate surface. Each side of eighth abdominal segment with four fil- 
ments and a fringe of shorter ones; each anal lobe with a pair of long 
yellow filaments. 

Imago (3-4.5 mm.) Wing with petiole of Cu fork less than one-third 
as long as posterior branch of Cu; surface of wing with numerous hairs 
and spots. Thorax light brown with three dark brown vittae on dorsum. 
Tips of tibiae and tarsal segments dark; dark ring above and below knee. 


Studies on a Kentucky Knobs Lake II 5) 


Pelopia (= Tanypus) stellata (Coquillett) 

Larva (6 mm.) Similar to P. punctipennis except paralabial combs are 
dark with well-developed teeth. 

Pupa (5 mm.) Differs from P. punctipennis in that eighth abdominal 
segment has five long filaments and lacks fringe of hairs. 

Imago (3-4.5 mm.) Same as P. punctipennis except all femora with 
a white ring on distal fourth. Dististyle of male closely resembles those 
figured by Johannsen (1905) and Malloch (1915). 


Procladius culiciformis (Linné) 

Larva (8-10 mm.) Yellowish-red. Head slightly longer than broad. 
Short, retractile, antenna with ring organ on distal fourth of basal segment. 
Eyes reniform. Mandibles (Fig. 5) with dark apical tooth and small aeces- 
sory tooth. Paralabial combs (Fig. 1) with eight teeth, the innermost broad 
and often bifid, the outermost small. Lingua (Fig. 2) heavily sclerotized 
and with 5 teeth, the median one the smallest. Preanal papillae with about 
15 bristles. Four anal gills. 

Pupa (4 mm.) Thoracic respiratory organ (Fig. 4) about four times 
as long as broad; surface spinose. Seventh abdominal segment with four 
bristles on each lateral border; eighth segment with five bristles on each 
border. Each lobe of anal fin with two bristles and a fringe of about 30 
minute spines, some spines are bifid. 

Imago (4-5 mm.) Wing (Fig. 8) with petiole of fork of Cw at least 
one-half long as posterior branch of Cu. Surface of wings with varying 
degrees of hairiness, crossveins blackened, and clear area on either side of 
crossveins. Dorsum of thorax with three brown vittae, often hardly discern- 
able. Abdomen dark brown with posterior edges of segments yellowish. 
Fourth tarsal segment linear. 


This species seems to be the most abundant representative of its 
subfamily in the littoral and sublittoral areas of Tom Wallace Lake. 
A few oceurred in profundal samples under aerobic conditions, but 
they were most numerous at sublittoral depths of about 4m. Miller 
(1941) related the roving predatory activity of this species to its 
wide distribution in Costello Lake, Ontario, where it was found both 
above and below the thermocline. Lindeman (1942) found this species 
had two generations a year in Cedar Creek Bog, a small senescent 
lake in Minnesota. Johannsen (1937a) states the larvae ‘‘ hibernate 
when half-grown.’’ In the Nov. 22, 1952 sample from Tom Wallace 
Lake many 2nd or 3rd instar larvae of Procladius were found 
grouped in lumps of ooze. This suggests that the half-grown larvae 
winter over in the ooze and emerge early in the spring. 
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Fig. 1. Procladius culiciformis: Labium and paralabial combs of larva. 


Fie. 2. P. culiciformis: Lingua and superlinguae of larva. 
Fie. 3. P. pusillus: Labium and paralabial combs of larva. 
Fie. 4. P. culiciformis: Thoracic respiratory organ of pupa. 
Fie. 5. P. culiciformis: Mandible of larva. 

Fie. 6. P. pusillus: Mandible of larva. 

Fie. 7. P. pusillus: Thoracic respiratory organ of pupa. 
Fie. 8. P. culiciformis: Wing of imago. 

Fie. 9. P. pusillus: Dististyle of male imago. 


Procladius pusillus Loew 
Larva (5 mm.) Yellowish-red. Head capsule as in P. culiciformis but 
differs in that paralabial combs (Fig. 3) with stronger, light colored teeth. 


Mandible (Fig. 6) with larger, lighter accessory tooth than the mandible of 
P. culiciformis. 
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Pupa (3.5 mm.) Thoracic respiratory organ (Fig. 7) not as long and 
narrow as one figured by Malloch (1915) for P. bellus, but slightly longer 
and more slender than respiratory organ of P. culiciformis. About 25 
spines on each anal lobe. 

Imago (2.2-3.2 mm.) Venation as in P. culiciformis, but devoid of 
macrotrichia. Head brownish. Thorax light yellow with three reddish 
vittae on dorsum. Abdomen stramineous with basal half of each segment 
dark. Fourth tarsal segments linear. Dististyle as figured (Fig. 9). 


One specimen was reared from a larva taken in the April 8, 
1954, bottom sample from the 144 meter depth at Tom Wallace Lake. 
The distinctive larval characters are not given by Malloch (1915) 
or Johannsen (1937a), other than that the larva resembles P. culict- 
formis. Some adults were collected at light on July 23, 1954, and 
are smaller (2.5 mm.) than my reared specimen. From Johannsen 
and Townes’ (1952) descriptions, these smaller specimens could be 
considered P. pusillus. The dististyle of these specimens corresponds 
closely to P. bellus as figured by Malloch (1915), rather than P. 
pusillus. However, the specimens in the Cornell University collection 
labeled ‘‘P. pusillus’’ are very similar to my Tom Wallace speci- 
mens. 


Clinotanypus flavicinctus (Loew) ? 

Larva (10 mm.) Blood-red. Head elongate, one and one-half times as 
long as broad. Basal segment of retractile antennae with ring organ on 
distal sixth of basal segment. Paralabial combs with small chitin points 
on their broad surface. Mandibles hook-like with a median tooth. Lingua 
with six yellowish teeth, the median pair the smallest. Preanal papillae 
with about twelve bristles each. Four anal gills, stout and acute apically. 

Pupa (8 mm.) Thoracic respiratory organs flattened, slightly spinose, 
and expanded apically into a large disk. Anal fin with ciliate margins and 
one pair of lateral filaments on each lobe. A variable number of filaments 
on margin of seventh and eighth abdominal segments. 

Imago (4 mm.) Petiole of Cu fork one fourth or more as long as pos- 
terior branch of Cu. Dorsum of thorax fuscous, vittae indistinct. Abdomen 
shining black with yellowish bases of each segment. Femora black; fourth 
tarsal segments obcordate. 


Immature stages of this species occurred in several collections 
from littoral and sublittoral regions in the lake. Adults were reared 
successfully from larvae collected in Spirogyra mats during April. 


Coelotanypus scapularis (Loew) 


Imago (6 mm.) Petiole of Cu fork is less than one sixth as long as pos- 
terior branch of Cu. Mesonotum of thorax fuscous. Abdomen of male 
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bicolored. Legs of both sexes bicolored; the proximal and distai fourth 
of femora and tibiae dark, middle half light. Fourth tarsal segment ob- 
cordate. 

The immature stages of this species have not been encountered 
in bottom samples of the lake, but adults have been collected at light 
near the edge of the lake. Johannsen (1937a) states that the larva 
resembles Clinotanypus with the exception of the mandibles being 
curved rather than hooked and the lingua having seven teeth rather 
than six. 

HYDROBAENINAE (= ORTHOCLADIINAE) 
Cricotopus trifasciatus (Panzer ) 

Imago (2.5 mm.) Wings without maecrotrichia; m-cu ecrossvein lacking 
and R not fused with C. Eyes pubescent. Thorax yellow with three, darker 
confluent vittae on dorsum. Abdomen with three black fasciae; first, fourth 
and seventh segments yellow. Tuibiae of all legs with a wide, white ring. 

Many adults were taken at the light on June 5, 1954, but no 
larvae or pupae were taken in dredge samples. The larva of this 
species is reported to mine in the spongy tissues of aquatic plants 
(Willem, 1910; Berg, 1950). Since the larva is a leaf-miner, one 
would not expect to find it in sublittoral and profundal collections. 


TENDIPEDINAE (= CHIRONOMINAE) 
CALOPSECTRINI 
The immature forms of this tribe have appeared occasionally 
in bottom samples from Tom Wallace Lake. None have been reared 
in this study, but adults have been taken at light on several occasions. 
All stages of this group are difficult to identify and the identifica- 
tion of the species given below is tentative. 


Calopsectra (= Tanytarsus) dwes (Johannsen) 


Larva (4 mm.) Greenish yellow. Two eyespots on each side separated 
by distance greater than diameter of the larger one. Antennae non-retrac- 
tile with stalked Lauterborn organs opposite each other on second segment. 
Mandibles with darkened teeth and two lateral bristles. Labial plate with 
eleven teeth, the median one trilobed. Paralabial plates striate, nearly con- 
fluent on median line. Preanal papillae with eight bristles each. Penulti- 
mate segment with dorsal hump. 


The imago and pupa were not collected in Tom Wallace Lake. 


Calopsectra (= Tanytarsus) exigua (Johannsen ) 


Imago (2 mm.) Wing with macrotrichia; r-m ecrossvein longitudinal 
in position, appearing continuous with posterior branch of R. Thorax pale 
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yellow, scutellum with four marginal hairs. Abdomen greenish yellow. 
Dististyle of male narrow, constricted at apex. Tibial combs separated and 
with spines. 


The immature stages of this species were not encountered during 

this study. 
TENDIPEDINI 

The larvae of this tribe are tube builders and live on the bottom 
of lakes and ponds. They are blood-red in color and have non- 
retractile antennae. The pupae are not active and lie motionless 
in the larval tubes. Usually the last larval exuvia is found clinging 
to the posterior part of the pupa. The thoracic respiratory organs 
are plume-like and closed. 

The following species of this group were encountered : 


Cryptochironomus psittacinus (Meigen) 


Larva (10 mm.) Blood red. Head as long as broad. Anterior margin 

of labrum with minute, three-segmented styles and bifid bristles. Preman- 
 dibles comblike, with five digits. Nonretractile antennae; ring organ slight- 
ly less than one half the distance to the apex of basal segment. Labial 
plate with broad, transparent median area and five black teeth on either 
side; paralabial plates wide, extending to sides of head. Mandible with 
slender apical tooth, two accessory teeth and short mandibular bristle. Pre- 
anal papillae with eight bristles each. 


Johannsen (1937b) lists this species as Chironomus (Crypto- 
chironomus) stylifera and my immature specimens were identified 
on the basis of his description. Townes (1945) gives C. stylifera as 
a synonym for Cryptochironomus psittacinus. Johannsen (1937b) 
and Lindeman (1942) suggest the larva is predacious. I have had 
no success in rearing adults. 


Tendipes (Iimnochironomus) modestus (Say) 


Larva (8 mm.) Reddish. Head about as long as broad. Antenna five- 
segmented with ring organ on proximal fourth of basal segment; antennal 
blade slender, reaching to fourth segment. Mandible with four, dark teeth 
and broad accessory tooth. Labial plate with eleven teeth, the first and 
second laterals close together. Paralabials fan-shaped, almost as long as 
broad. Anal gills lobe-like. 

Pupa (6.5 mm.) Reddish green. Thoracic respiratory organs of many 
thread-like filaments. First and second abdominal sternites with transverse 
rows of colorless spines on their posterior margins. Sinuate spine on latero- 
posterior margin of eighth segment characteristic of this species. 

Imago (4.5-5 mm.) Wing without macrotrichia. m-cu erossvein absent; 
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r-m ecrossvein basal to fork of Cu. Head brown, frontal tubercles lacking. 
Thorax light green with indistinct orange-brown vittae. Abdomen green, 
brownish toward apex. Legs yellowish green; forelegs without long, diver- 
gent hairs( tarsal beard.) Male genitalia with end of superior appendage 
expanded and clubbed. Style narrow (Johannsen and Townes, 1952, fig. 
112). 


Larvae of this species were collected in the shallower areas of 
the lake on April 22, 1953 and April 8, 1954. Six adult females 
were taken at light on July 26, 1954 near the edge of the lake. 
Hauber and Morrissey (1945) found the adults of this species 
throughout the summer in Davenport, Iowa. 


Tendipes (Tendipes) decorus (Johannsen) 


Larva (18-22 mm.) Blood red. Head brown; slightly broader than 
long. Antenna with ring organ on proximal half of first antennal segment. 
Mandible with preapical comb and four teeth; the three distal teeth dark, 
basal tooth pale brown. Labial plate with trilobed median tooth. Para- 
labial plates fan-shaped with radial striations. Latero-posterior border of 
tenth segment with tubular process. Eleventh segment with two pairs of 
long ventral gills. Anal gills short and lobular. 

Pupa (10-12 mm.) Dark red. Thoracic respiratory organs with numer- 
ous filaments. Cephalic tubercles apparently without a pre-apical bristle. 
Sternites with minute tubercles on disk; segments five to seven with four 
flat filaments on their lateral edges; eighth segment has five such filaments, 
and the spur on latero-posterior border composed of from 5 to 8 fused spines. 
Anal lobes with numerous filaments on their lateral edges. 

Imago (5-6 mm.) Wing with R-m crossvein and surrounding membrane, 
vein Cuy, and 2A vein brown. Head brown; thoracic ground color yellow- 
ish green with darker vittae. Abdomen greenish, tergites two to seven each 
with transverse brown band. Legs greenish with brown apices; fore tarsus 
without tarsal beard. Male genitalia variable (Johannsen and Townes, 1952, 
fig. 127 A-D). 


This species and the following one, 7. plumosus, are very similar. 
Lindeman (1942) found both species very tolerant to anaerobic 
conditions and remarked on the similarity of the two in appearance 
and ecological status. The two were common in Tom Wallace Lake 
in collections from the upper profundal zone and the sublittoral 
region. They were rarely found deeper than 6.5 m. or farther up the 
basin slope than the 3.5 m. isobath. An interesting fact is that 
Procladius culiciformis occurred in more samples from the deeper 
profundal areas than did either of these two Tendipes species which 
are usually considered typical of profvndal communities. 
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Townes (1945) remarked that immature forms of these species 
developing in colder waters produce much darker adults, and this 
fact accounts for some of the difficulty in identification. 

Johannsen (1937b) offers no reliable character for separating 
the larvae of the two species other than 7. decorus is ‘‘less than 18 
mm. in length,’’ while 7. plumosus is ‘‘greater than 18 mm. in 
length.’’ Obviously, this character does not allow for the identifi- 
cation of the immature stadia of 7’. plumosus larvae, which are un- 
doubtedly less than 18 mm. in length. Most of the specimens taken 
at Tom Wallace Lake and subsequently reared and identified as 
T. decorus were from 18 to 20 mm. in length, slightly longer than 
Johannsen’s larval specimens. I have used the character of the 
basal mandibular tooth in an attempt to separate the larvae of the 
two species. In J. decorus this tooth is pale; in T. plumosus the 
tooth is dark. This character may also vary in the different larval 
stadia and needs more verification. 


Tendipes (Tendipes) plumosus (Linné) 


Larva (25-30 mm.) Blood red. Teeth of mandibles dark. Antenna 
with ring organ on basal fourth of first segment. Labial plate very similar 
to T. decorus. Tenth segment with a short process on its latero-posterior 
margin; eleventh segment with two pairs of ventral gills. 

Pupa (15-18 mm.) Reddish. Respiratory organs plume-like with 
numerous filaments. Cephalic tubercles with a preapical bristle. Spur on 
latero-posterior margin of eighth segment of from 12 to 15 fused spines. 
Anal lobes with numerous filaments. 

Imago (10 mm.) Wing venation as in T. decorus except area around 
r-m crossvein, Cuyg and 2A veins not darkened. Head brown with large 
frontal tubercles. Thorax yellow to light brown with indistinct darker 
markings. Abdomen light brown with darker transverse markings on each 
tergite. Legs brownish with apices of tibiae and tarsal segments darker. 
‘Fore tarsus with a heavy tarsal beard. Long, slender style of male geni- 
talia quite distinctive (Johannsen and Townes 1952, fig. 135). 


HELEIDAE (—CERATOPOGONIDAE) 


The biting midges, or ‘‘no-see-ums,’’ were at one time included 


as a sub-family of the Tendipedidae. They are now treated as an 
independent family because the adults, in contrast to the Tendipedi- 
dae, possess complete mouth parts, the head is rounded behind, and 
the pronotum is gently rounded and lacks a median earina. 
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HELEINAE 
Palpomyta sp. 

Larva (14-16 mm.) Yellowish, translucent. Head about three times 
as long as broad. Mandibles slender and sharply curved. Dorsal ridge of 
hypopharynx with thirteen teeth. Body segments long and slender, about 
twice as long as head. Anal segment with twelve setae, all shorter than the 


segment in length. Anal respiratory gills retractile. Body worm-like, lack- 
ing prolegs. 


The larvae encountered in these studies were collected in littoral 
and sublittoral areas. They were especially abundant at medium 
sublittoral depths of about 3 m. Two July specimens were dredged 
from 6.5 m., a depth considered profundal; however, they were not 
subjected to anaerobic conditions at that time. On no other occasion 
were they found deeper than 5 m. at the boundary of the sublittoral 
and profundal zones. No rearing of adults was attempted nor were 
imagoes collected at the light. 


SUMMARY 

1. Fifteen species of aquatic nematocerous Diptera were dredged 
from the sediments of Tom Wallace Lake, Kentucky, over a period 
of 35 months. During the summer of 1954 adults were collected 
along the shore at a lght. 

2. Three families and five subfamilies were represented in the col- 
lections. There were 13 tendipedid species, and one each of the 
culicids and heleids. Chaoborus punctipennis, Procladius culict- 
formis, and Tendipes decorus were the predominant species from 
a numerical standpoint. 

3. Taxonomic data and some ecological information are presented 
for each species. 
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Isolation of a Basic (Alkaloidal) Material 


from Corn* 


RicHArpD H. WILEY AND PauL C. CAMPBELL 


Department of Chemistry, University of Louisville 
Louisville, Kentucky 


Pp REVIOUS STUDIES with corn directed toward the isolation of a basic 
fraction, thought to have pellagragenic properties, have presented 
only brief descriptions of the isolation procedures with no quantita- 
tive data (1). The technique used in these previous studies was 
based on an alkaline-chloroform extraction typical of that used for 
extraction of alkaloids (2). In repeating this procedure to obtain 
quantitative data on the amount of extractable material obtained, 
we concluded that this particular technique was not as efficient as 
others might perhaps be. Experiments were therefore devised using 
another typical alkaloid extraction procedure (2). We wish to re- 
port the results of these studies as significant in providing data neces- 
sary for evaluation of previous studies with the extract and as a 
quantitative basis for evaluation of the possibility that there is an 
extractable alkaloid in corn. 

In all experiments degerminated, dry-ground, 16-18 mesh corn 
erits were used as starting material. This material was generously 
supplied gratis by Mr. Y. F. Combs of the Mt. Vernon Milling Com- 
pany, Mt. Vernon, Indiana, to whom our thanks are due. 

In repeating the alkaline-chloroform extraction, we obtained 14.8- 
15.6 g. of crude extract, in three runs, from 2.4 kg. of corn. On 
following through the complete fractionation as previously described 
(1) we obtained 0.0264 g. (0.01%) of the basic extract from 3.6 kg. 
of corn. 

The alternative extraction procedure which we developed is as 
follows. The corn grits were pulverized to a fine powder by grind- 
ing in a pebble mill with pebbles. This powder was extracted for 
about 80 hours in a Soxhlet extractor with petroleum ether to re- 
move 4.3-5% on a weight basis of corn oil. The ranges of values 


* Contribution from the Department of Chemistry, College of Arts and Sciences, Uni- 
versity of Louisville. 
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are based on three duplicate runs. The powder was then dried and 
extracted exhaustively in a Soxhlet extractor with methanol (C.P.). 
After 60 and up to 80 hours no additional material was extracted. 
The solvent was removed by distillation at atmospheric pressure to 
a volume of 200 ml. and then under vacuum at 25°C. Using 273- 
600 g. of powdered oil-free corn in a series of five extractions, 3.3-4.1% 
of this crude methanol extract was obtained. 

The crude, oil-free methanol-extract probably consists principally 
of zein and gives a positive biuret test. This material was fractioned 
as follows. The extract (9-10 g.) was suspended in 3N sulfuric 
acid and extracted with diethyl ether in a continuous liquid-liquid 
extractor for 72 hours. The ether extracts evaporated to dryness 
gave 1.56-1.80 g. (17-18%), on the basis of three runs from 9.06- 
9.84 ¢. of crude neutral-acidic extract of a dark brown oil. The acid 
suspension was made basic with 8N sodium hydroxide and the ether 
extraction continued for an additional 72 hours. The ether extracts, 
which at this point contained no neutral, amphoteric, or acidic con- 
taminants, were evaporated to dryness to give 0.48-0.55 g. (5.3-5.6% ) 
from 9.06-9.84 g. (three runs) of crude extract, a tan, semi-solid, 
residue. The yield based on the weight of corn used is 0.20-0.21%. 
This residue gives a positive Draggendorf’s (4) alkaloid test as does 
also the extract obtained by the alkaline-chloroform extraction pro- 
cedure. 

These studies establish that the yield of material extractable from 
corn by alkaloid extraction procedures can be increased from 0.01% 
to 0.2% by using more efficient processes than’ were previously used 
in such extractions. Although it has not been established that the 
material extracted by the two processes is the same, the availability 
of quantitative data on the isolation process will aid materially in 
further studies of the chemical composition and biological properties 
of this corn constituent. 
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Viscosity Behavior of Polyelectrolytes! 


RicHarp H. WILEY AND C. C. KETTERER 


Department of Chemistry, University of Louisville 
Louisville, Kentucky 


lee the course of a recent investigation (1) of the viscosity be- 
havior of the potassium salt of polymers of p-vinylbenzenesulfonie 
acid, in which we have evaluated (Figure 1) the D constant of the 
equation (1) 

Z = Nngy/e = A/(1 + Be) + D (i) 
we observed that log-log plots of nsp/e vs. ¢ were linear (Figure 2) 
and that the intercepts, or a factors of the equation 

Tew =— 1a) Co (2) 

at log ¢ = o, were related to D by a simple proportionality constant, 
1.34. 

We were intrigued by the thought that similar linear log-log plots 
and similar relations between the constants a and D might be found 
in the available viscosity data for other polyelectrolytes. An investi- 
gation of the available data for fourteen polyelectrolytes which we 
wish to record at this time, showed not only that the plots of log 
Nsp/e vs. log ¢ were linear but that the two constants a and D were 
proportional to each other and, furthermore, that the relation 
a = 1.34 D held for each polymer regardless of type or viscosity. 
Typical log-log plots are shown in Figures 2 and 3. The viscosity 
data for the other polymers listed in Table I also gave linear log-log 
plots. The a and b factors as listed in the Table were determined 
from the data by the method of least squares. 

The relation a = 1.34 D was immediately apparent where the 
D factor had already been established by graphical analysis. Such 
data for four potassium vinylbenzenesulfonate polymers of different 
viscosities which we were studying and for the epsilon-caproamide 
polymers for which D factors had been reported (2) are given in 
Figures 3 and in Table I. 

For five additional polymers: sodium pectinate (3), polystyrene- 


1 This research was supported under contract AT-(40-1)-229 between the University 
of Louisville and the Atomic Energy Commission. 
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Fig. 1. Graph of equation 1 for potassium p-vinylbenzenesulfonate polymers. 

Fig. 2. Log-log plot of the reduced viscosity against concentration for po- 
tassium p-vinylbenzenesulfonate polymers. 

Fic. 3. Log-log plot of the reduced viscosity against concentration for poly- 
epsilon-caproamide polymers of reference 2. 

Fic. 4. Graph of equation 1 using values of D = A/1.34 for polymers listed 
in Table I. 

Fig. 5. Graph of equation 1 using values of D = A/1.34 for polymers listed 
in Table I. 

Fie. 6. Graph of equation 1 using values of D = A/1.34 for polymers listed 
in Table I. 
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TABLE I. Viscosity CONSTANTS FOR VARIOUS POLYMERS 


Polymer aa bb De Da Reference 

See OER sk Aa TS Oy 4.83 —0.240 RoE os] at nA cia Sa 3 
PSSA ies ao 7.87 —Q.403 DEST ial Miers 4 
IPC Ey eR EMO: 2.28 —0.381 ORAZO Nap ieee ie 5 
PCA ie ih ane ne 0.707 —0.361 0.528 0.535 2 
GA e he CNet 0.484 —0.302 0.361 0.404 2 
COHN FS i IRTEA ei 0.352 —0.385 0.263 0.286 2 
PVEBIRE Mis hieeiel a Cant 2.62 —0.488 DEBS 2 hate VM Vis 6 
TRAM END eal MU aac 0.380 —0.363 OR2B4 Ata anne 7 
PAO rekon exis 0.747 —0.387 QA5SS hen Vinee ae Uf 
VE SO eis Sat iin 0.704 —0.324 0.525 0.525 1 
IVI Sie cic ea See Ae 0.452 —0.358 0.337 0.330 1 
IP VIB SeenON na aah 0.972 —0.357 0.725 0.735 1 
JEANIE TS) URC Dur aaa vate pI 2.61 —0.379 1.95 1.88 1 

® a of equation 2 b Poly-epsilon-carroamide; LII sample of reference 2 

b b of equation 2 i Poly-epsilon-caproamide; TII sample of reference 2 

° D of equation 1; from a =1.34 D i Poly-epsilon-caproamide; OI sample of reference 2 

4 D of equation 1; from graphical analysis k Polyvinylbutylpyridinium bromide; 8 =2000 

e Sodium pectinate 1 Polymethacrylic acid; Fraction A2; «=0.155 

f Polystyrenesulfonic acid m Polymethacrylic acid; Fraction B1; «=1.0 

& Poly-epsilon-caproamide; MW 26,000 2 Potassium polyvinylbenzenesulfonate 


sulfonic acid (4), another caproamide polymer (5), polyvinyl- 
butylpyridinium bromide (6), and polymethacryliec acid (7), we have 
found that log-log plots of the viscosity data are linear. Using the 
values of a, obtained from these data by the method of least squares, 
we have arbitrarily assigned values to D on the basis that a = 1.34 D 
and then plotted 1/(Z-D) vs. ¢. The data are summarized in Table 
I and plotted in Figures 4-6. As can be seen, straight line relations 
were obtained with these values for D with the one exception shown 
in Figure 6. Although the plot in this exceptional case was non- 
linear, any other value selected for D gave a plot of even greater 
curvature. 

It is to be noted that equation (2) requires that the reduced vis- 
cosity at zero concentration be infinite and that this is at variance 
with previous observations indicating a finite viscosity (7). The use- 
fulness of such an empirical interpolation formula is, of course, de- 
pendent on further confirmatory observations. It is to be noted, 
furthermore, that the constant a is arbitrarily defined in terms of 
concentration units and that a theoretical interpretation of the nega- 
tive constant b will be difficult. We wish, however, to call attention 
to this empirical relation, pending consideration of its theoretical 
background, in the belief that it will be of interest in the empirical 
correlation of viscosity data on polyelectrolytes. We particularly 
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wish to point out that this analysis offers by far the simplest way to 
evaluate D of equation (1). 


SUMMARY 


For fourteen different polyelectrolytes, the constant a of the equa- 
tion nsp/¢ = a c? is equal to 1.34 times the constant D of the equation 
Nsp/¢ = A/(1-+ Be) + D. Since the constant a is readily evaluated 
from log-log plots of ngp/e vs. e it is much more convenient to use 
than is D in comparing the intrinsic viscosity behavior of polyelec- 
trolytes. 
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Analytical Properties of 5, 8-Quinolinedionedioxime 
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(A cunmaer 5, 8-quinolinedionedioxiome has been made before (1), 
none of its properties, particularly its potentialities as a chelating 
agent for metals, has been previously studied. The compound pos- 
sesses the same chelating center as 2-pyridylphenylketoxime (II) and 
2-pyridylmethylketoxime, both of which resemble dimethylglyoxime 
in forming characteristic metal derivatives with nickel as well as 
some other ions (2, 3). 


NOH 
‘ > 
Giemc 


By analogy with these pyridyl oximes it is probable that 5, 8- 
quinolinedionedioxime would form chelate compounds in which the 
8-oxime group reacts in its nitrone form to give a five membered 
ring containing the metal ion; if this is true, only those geometric 
isomers having the hydroxy] of the 8-oxime group pointing away from 
the pyridine nitrogen should be capable of chelate formation. In our 
work only one isomer was obtained and it did form chelate com- 
pounds. 

Spot tests with representative metal ions were run in acid (pH 2), 
acetate buffer (pH 5) and base (pH 10). Positive chelate formation 
in the acetate buffer was observed only with ferric, cupric, cobaltous 
and nickel ions. The compound is thus notably more selective than 
8-quinolinol, of which it is a derivative. However, when sensitivity 
tests for these ions were performed, the new reagent was about ten 
times less sensitive than 8-quinolinol (4). Samples of the chelate 
compounds were then prepared by standard analytical methods, but 
the difficulties encountered in filtering the precipitates indicated that 
the reagent would be of little use for gravimetric analysis. Analysis 
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of the chelate compounds by ignition to the metal oxides failed be- 
cause the compounds exploded, though not with great violence, when 
heated. The copper derivative, analyzed for copper by electrodeposi- 
tion, showed the expected ratio of one copper ion to two molecules 
of reagent. 

The absorption spectrum in various solvents, the solubility and 
the ionization of 5, 8-quinolinedionedioxime were obtained by spectro- 
photometric techniques that have been previously described (5, 6). 
The variation of absorption spectrum of the compound with pH may 
be summarized by the following equation: 


Hydrochloride a el Free base pK» ase Sodium salt (s) 


The pK values in the equation are the pH’s corresponding to half- 
conversion of one absorbing species to the next. The ultraviolet 
absorption spectrum showed only one maximum, in acid at 314 my 
and in base at 362 my. The solubility of the reagent in water at 
25°C. was only 0.030 grams per liter. 


EXPERIMENTAL 


5-Nitroso-8-quinolinol was prepared in 85% yield from 8-quinolinol by 
nitrosation (7). The following new derivatives of this compound were made 
for characterization purposes: hydrazone, m.p., 169°C.; phenylhydrazone, 
m.p. 214; p-nitrophenylhydrazone, m.p. 269; semicarbazone, m.p. 259. 

5, 8-Quinolinedionedioxime was prepared by dissolving 5-nitroso-8-quinol- 
inol in a minimum volume of ethanol, adding an equimolar amount of hy- 
droxylamine hydrochloride and heating for two hours on a water bath. The 
alcohol was distilled off and a solution of sodium acetate in water added to 
precipitate the dioxime. After recrystallization from dilute ethanol the 
product melted with decomposition at 227°C. Yield, 65%. 

Since the compound was rather sensitive to heat and frequently showed 
signs of decomposition in the above recrystallization, it was better to purify 
it by preparing the hydrochloride. The crude dioxime was added to boiling 
1:1 hydrochloric acid, decolorizing charcoal added, and the solution im- 
mediately filtered and cooled. Yellow needles of the hydrochloride hydrate 
separated, the decomposition point being above 250°C. 

Anal. Caled. for CgH;N3;0. : HCl -H,0 -C1,14.6. Found: 14.7, 14.9. 
Caled. neutral equivalent: 243.5. Found: 242, 243. 

5, 8-Quinaldinedionedioxime was similarly prepared, starting from 8- 
hydroxyquinaldine. 

Absorption spectra were determined with a Beckman DU Spectrophotom- 
eter using 1.00 em. silica cells. In 95% ethanol 5, 8-quinolinedionedioxime 
had an absorption maximum at 315 my (log molar absorbaney index, 4.31) ; 
5, 8-quinaldinedionedioxime had a maximum at 319 my (log molar ab- 
sorbancy index, 4.25). Studies of spectrum change with pH were per- 
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formed with about 50 solutions ranging in pH from 1 to 12 at 350 my 
as previously described (5), and the solubility in water at 25+0.5°C. was 
measured with the aid of a calibration curve of the compound in hydro- 
chlorie acid at 252 my (6). 

Spot tests at pH 2, 5 (acetate buffer) and 10 were performed with the 
following ions: Tht4, Snt4, Fet3, Crt+3, Alt’, Gat, Int3, T1+3, UQ5 47; 
ZrO+?2, Cot?, Mgt?, Zn+?, Cut+?, Nit?, Mn+? and Pbht?. No precipi- 
tates were obtained at pH 2; at pH 5 brown precipitates with copper, co- 
balt and nickel and a black precipitate with ferric ion were noted and the 
same at pH 10. Sensitivity tests by methods in the literature (4) were run 
for these four ions; at pH 5.5 the minimum concentrations of metals in 
micrograms per milliliter that gave precipitates with 5, 8-quinolinedione- 
dioxime were: Fet?, 1.4; Cut?, 13; Cot+?, 12; and Nit?, 8. 

Chelate compounds of these elements were prepared in 0.3 g. amounts 
by adding a 5-10% excess of the reagent in acetic acid to a solution of the 
metal ion and raising the pH to about 8 by the addition of dilute ammonia. 
After brief digestion at 70°C. the precipitates were filtered, washed 
thoroughly with dilute ammonia and dried at 110°C. Analysis of the copper 
compound was obtained by electrodeposition of the copper after dissolving 
the sample in dilute sulfuric acid. 

Anal. Caled. for C;gH,.Ng04Cu: Cu, 14.5. Found: Cu, 14.3. 


ACKNOWLEDGMENT 


This work was supported in part by a grant from the National Science 
Foundation. 


LITERATURE CITED 


1. Kostaneck!, S. anD M. Reicuer. 1891. Ber. 24: 156. 

2. TscHuGAEv, L.. 1906. Ber. 39: 3382. 

3. EMMERT, B. AND K. DigHu. 1929. Ber. 62: 1738. 

4. Irvine, H., E. Butter anp M. Rina. 1949. Jour. Chem. Soc. 1489. 
5. Puivurps, J. AND L. Merritt. 1948. Jour. Amer. Chem. Soc. 70: 410. 
6. Puitiips, J. AND H. Price. 1951. Jour. Amer. Chem. Soc. 73: 4414. 
7. Kostanecki, 8S. 1891. Ber. 24: 152. 


Accepted for publication 6 January 1955. 


MEMBERSHIP LIST—KENTUCKY 
ACADEMY OF SCIENCE 


Apams, Cart E., Dept. Physics, University of Louisville, Louisville, Ky. Phys. 

ALEXANDER, C. R., Georgetown College, Georgetown, Ky. 

ALEXANDER, LLoyp E., Kentucky State College, Frankfort, Ky. Biol. 

ALLEN, BEATRICE WEBB, Russell County High School, Russell Springs, Ky. Biol. 

ALLEN, W. R., Zoology Dept., University of Kentucky, Lexington, Ky. Biol. 

Auron, Oscar M., Norton Memorial Infirmary, 3d and Oak Sts., Louisville, Ky., 
Med. Tech. 

SISTER ANGELICE SEIBERT, Ursuline College, Louisville, Ky. 

ARCHDEACON, J. W., Anatomy and Physiology Dept., University of Kentucky, 
Lexington, Ky. Biol. 


BAKER, MERL, Mechanical Engineering Dept., University of Kentucky, Lexington, 
Ky. Eng. 

Batows, ALBERT, Lexington Clinic, 190 N. Upper St., Lexington, Ky. Bact. 

BANDEEN, S. G., 210 Wallace Center Bldg., Louisville, Ky. Med. 

BANGSON, JOHN S., Berea College, Berea, Ky. Biol. 

BANKS, WILLIAM H., Jr., 645 S. 41st St., Louisville 11, Ky. Biol. 

BarBour, Rocer W., Zoology Department, University of Kentucky, Lexington, 
Ky. Biol. 

Beckett, Mary RutuH, 351 Linden Walk, Lexington, Ky. Biol. 

BELILES, RoBert P., Route 2, Jeffersontown, Ky. Biol. 

BINDEL, HENRY J., JR., 338 Veterans’ Village, Richmond, Ky. 

BisHop, HARLow, Lederle Laboratories, Pearl River, N. Y. Biol. 

BITNER, H. D., Reynolds Metals Co., 2500 S. Third St., Louisville, Ky. Eng. 

Buack, J. G., Eastern State College, Richmond, Ky. Phys. 

BuLack, RopNEy E., Chemistry Department, University of Kentucky, Lexington, 
Ky. Chem. 

BLACKBURN, W. E., Murray State College, Murray, Ky. Chem. 

Bocarpbus, B. P., 508 Sixth St., Pikeville, Ky. Eng. 

BOWLING, CHESTER, B., 1801 Harvard Dr., Louisville, Ky. Biol. 

Bow.ine, JosepH R., Bellarmine College, Louisville 5, Ky. Biol. 

Boyarsky, Louis L., Anatomy and Physiology Dept., University of Kentucky, 
Lexington, Ky. Biol. 

BoypDEN, RuTH, School of Home Economics, University of Kentucky, Lexington, 
Ky. Biol. 

Boyer, Rosert M., Chemistry Dept., University of Kentucky, Lexington, Ky. 
Chem. 

BRAKE, Mrs. JOHN, Western Kentucky State College, Bowling Green, Ky. Bact. 

Brown, ANNE, Daviess County Hospital, Owensboro, Ky. 

Brown, JAMES B., Chemistry Dept., Kentucky State College, Frankfort, Ky. 
Chem. 

BrowNnine, ILEy B., P. O. Box 297, Henderson, Ky. Geol. 

BrRYDEN, RosBert R., Union College, Barbourville, Ky. Biol. 

Buckner, G. D., Kentucky Agricultural Experiment Sta., Lexington, Ky. Chem. 

BuLuitT, WILLIAM MARSHALL, 1700-1730 Kentucky Home Life Bldg., Louisville, 
Ky. Math. Astronomy. 

Burroucus, WILBUR G., Berea College, Berea, Ky. Geol. 


CALDWELL, DaAvip K., Box 89, Anchorage, Ky. 


24 Kentucky Academy of Science 


CALVIN, JAMES S., Psychology Dept., University of Kentucky, Lexington, Ky. 
Psych. 

Canon, A. G., Physical Sciences Dept., Murray State College, Murray, Ky. Phys. 

CANTRELL, WILLIAM F., Pharmacology Dept., University of Louisville, Louisville, 
Ky. Biol. 

CARPENTER, JOHN H., Zoology Dept., University of Kentucky, Lexington, Ky. 
Biol. 

CARTER, BERNARD T., 209 Grandview Dr., Frankfort, Ky. Biol. 

CarTER, ELLs R., Ky. Dept. Fish and Wildlife Resources, Frankfort, Ky. Biol. 

CarTeR, W. M., Mechanical Engineering Dept., University of Kentucky, Lexing- 
ton, Ky. Eng. 

CAUDILL, BILLIE JO, Box 304 College, Morehead, Ky. Biol. 

CHAPMAN, RicHARD A., Agronomy Dept., University of Kentucky, Lexington, Ky. 
Biol. 

CHRISTIAN, Pau, University of Louisville, Louisville, Ky. Biol. 

CHUMLEY, VADA, 1601 Exeter Ave., Middlesboro, Ky. Biol. 

CLARK, GENEVIEVE, 517 Poplar St., Georgetown, Ky. Biol. 

CLARK, MARY BENEDICT, 301 McCready Ave., Louisville, Ky. Med. Tech. 

CLARK, Minor Epwarp, Dept. of Fish and Wildlife Resources, Frankfort, Ky. 
Biol. 

Cuay, KATHERN M., Ky. State Dept. of Health, Louisville, Ky. Med. Tech. 

Cuay, WILLIAM M., University of Louisville, Louisville, Ky. Biol. 

CoLE, FraNcIS, Union College, Barbourville, Ky. Chem. 

CoLE, GERALD A., Biology Dept., University of Louisville, Louisville, Ky. Biol. 

CoLuins, F. W., 825 West Broadway, Madisonville, Ky. Biol. 

Sister Concetta, Ursuline College, Louisville, Ky. Chem. 

CoNKIN, JAMES E., Union Producing Co., P. O. Box 711, Beeville, Texas. Geol 

ConNER, Mrs. Rose, 4218 Vermont St., Louisville 11, Ky. Med. Tech. 

Cook, CarL, Crailhope, Ky. 

CooPrR, CLARA CHASSELL, Phychology Dept., Berea College, Berea, Ky. Psych. 

Cooper, THoMAS P., 118 University Ave., Lexington, Ky. Biol. 

CoRLEY, GROVER, Dept. Chemistry, University of Louisville, Louisville, Ky. Chem. 

Corpr, W. A., Bacteriology Dept., Pennsylvania State University, State College, 
Pa. Bact. 

Cox, BENJAMIN B., Gulf Research and Development Co., Box 2038, Pittsburgh 
30, Pa. Geol. 

Crouse, C. S., Engineering College, University of Kentucky, Lexington, Ky. Eng. 

CruM, Howarp A., National Museum of Canada, Ottawa, Ontario, Canada. Biol. 


Davipson, UrsuLA Marcu, Carrie, Ky. Biol. 

Davies, P. A., Biology Dept., University of Louisville, Louisville, Ky. Biol. 

Dawson, Lyte R., Chemistry Dept., University of Kentucky, Lexington, Ky. 
Chem. 

Day, FRANKLIN, 609 Scott Ave., Pikeville, Ky. 

DIACHUN, STEPHEN, Agronomy Dept., University of Kentucky, Lexington, Ky. 
Biol. 

DIDLAKE, Mary L., 248 Market St., Lexington, Ky. SBéiol. 

DISTLER, DoNALD A., 985 Eastern Parkway, Louisville, Ky. Biol. 

Drxon, WILLIAM L., Biology Dept., Kentucky State College, Frankfort, Ky. Biol. 

Dooury, RicHarD F., Kentucky Reptile Garden, Park City, Ky. Biol. 

Dorton, Howarp H., 407 Hart Rd., Lexington, Ky. Med. Tech. 

Doueuty, RicHarD M., 104 W. Chestnut St., Louisville, Ky. Biol. 


Membership Inst 25 


DUNKELBERG, W. E., JR., Bacteriology Dept., University of Kentucky, Lexing- 
ton, Ky. Bact. 
Drs, Jack, Kentucky Mine Supply Co., Harlan, Ky. Eng. 


EpneEy, J. M., Zoology Dept., University of Kentucky, Lexington, Ky. Biol. 

Epwarps, O. F., Bacteriology Dept., University of Kentucky, Lexington, Ky. 
Bact. 

Evuiotr, WILLIAM J., 26 Indiana Ave., Fort Thomas, Ky. Chem. 

ERIKSON, STATIE, School of Home Economics, University of Kentucky, Lexing- 
ington, Ky. Biol. 

Ernst, R. C., Speed Scientific School, University of Louisville, Louisville, Ky. 
Eng. 

Estes, Betsy WortH, Psychology Dept., University of Kentucky, Lexington, Ky. 
Psych. 

Eusank, A. L., 2811 Arden Rd., Louisville, Ky. Eng. 


Fenwick, Harotp H., Speed Scientific School, University of Louisville, Louis- 
ville, Ky. Eng. 

Fercus, E. N., Agronomy Dept., University of Kentucky, Lexington, Ky. Biol. 

Fietp, T. E., 1554 Cardinal Dr., Louisville, Ky. Chem. 

FInK, JOHN B., Psychology Dept., University of Louisville, Louisville, Ky. Psych. 

Fonarorr, Mrs. FRANK, 1630 Windsor Place, Louisville 4, Ky. Chem. 

FREEMAN, J. F., Agronomy Dept., University of Kentucky, Lexington, Ky. Biol. 

FurRNISH, WILLIAM F., Biology Dept., University of Louisville, Louisville, Ky. 
Biol. 


GAIL, IrvinG A., 310 W. Second St., Lexington, Ky. Med. 

GAILEY, FRANKLIN B., Berea College, Berea, Ky. Biol. 

GALAzzI, JOSEPH A., International Harvester Co., Highway 41, Evansville, In- 
diana. 

GALE, Larry R., 262 Harrod Ave., Frankfort, Ky. Biol. 

GARD, OLIVER W., Mechanical Engineering Dept., University of Kentucky, Lex- 
ington, Ky. Eng. 

GERHARD, G. R., Engineering College, University of Kentucky, Lexington, Ky. 
Eng. 

GILKERSON, SETH, Berea College, Berea, Ky. Bact. 

GLENN, L. C., Geology Dept., Vanderbilt University, Nashville, Tenn. Geol. 

Goopeion, R. E., Murray Training School, Murray, Ky. 

GOODHUE, ELvA, Lindsey Wilson Jr. College, Columbia, Ky. Chem. 

GoOoDLETTE, JOHN D., 1545 Northern Pkwy., Baltimore 12, Md. 

GRIFFITH, R. B., Agronomy Dept., University of Kentucky, Lexington, Ky. Chem. 

GROSSMAN, JAMES, Science Dept., Foundation School, Berea, Ky. 

GUERNSEY, JAMES LEE, Div. of Natural Science, University of Louisville, Louis- 
ville, Ky. Geog. 


HApuLey, Ropert L., 201 Ashland Rd., Louisville 7, Ky. Eng. 

HaGeGan, Henry C., Morehead State College, Morehead, Ky. Biol. 

HAuN, Hans, Psychology Dept., Transylvania College, Lexington, Ky. Psych. 

HALL, HERBERT E., 116-1 Shawneetown, Lexington, Ky. Bact. 

HAMANN, C. B., Asbury College, Wilmore, Ky. Biol. 

HAMMAKER, EpwarpD M., Chemistry Dept., University of Kentucky, Lexington, 
Ky. Chem. 

Hancock, Hunter M., Murray State College, Murray, Ky. Biol. 

Harper, Horr H., Psychology Dept., Kentucky State College, Frankfort, Ky. 
Psych. 


26 Kentucky Academy of Science 


Harris, Emory S., Box 403, College P. O., Richmond, Ky. © 

Harrison, Don E., Jr., Physics Dept., University of Louisville, Louisville, Ky. 
Phys. 

Harrison, JOHN S., Agronomy Dept., University of Kentucky, Lexington, Ky. 
Biol. 

Harrison, L. C., Good Samaritan Hospital, Lexington, Ky. Med. 

Hart, H. B., University of Wisconsin, Madison, Wis. Biol. 

Hays, RopNEy, Biology Dept., Transylvania College, Lexington, Ky. Biol. 

Hays, R. B., 302 N. Eighth St., Mayfield, Ky. Biol. 

HEMBREE, GEORGE H., 2415 N. 22nd St., Lawton, Okla. Chem. 

HENDRICKSON, CARL E., Botany Dept., University of Kentucky, Lexington, Ky. 
Biol. 

Henry, Mrs. AMANDA, Kentucky Agricultural Experiment Station, Lexington, 
Ky. Biol. 

HERNANDEZ, J. EDUARDO, Romance Languages Dept., University of Kentucky, 
Lexington, Ky. Eng. 

HERNDON, THOMAS C., Eastern Kentucky State College, Richmond, Ky. Biol. 

HeusER, HENRY, V., Henry Vogt Machine Co., Louisville, Ky. Eng. 

Hounuorst, ANTHONY A., Dixie Heights High School, 3010 Dixie Highway, 
Covington, Ky. 

Hopp, WILLIAM B., Eastern Kentucky State College, Richmond, Ky. Biol. 

Horine, J. 8., Engineering College, University of Kentucky, Lexington, Ky. 

HoruaAcHer, J. L., College of Agriculture, University of Kentucky, Lexington, Ky. 
Biol. 

HOTCHKISS, MarGARET, Bacteriology Dept., University of Kentucky, Lexing- 
ton, Ky. Biol. 

HOoUCHENS, JOHN M., Registrar, University of Louisville, Louisville, Ky. Hng. 

Hower, H. Brancu, Union College, Barbourville, Ky. Biol. 

Huu, H. L., Box 723, Berea College, Berea, Ky. Biol. 

HUMPHRIES, JAMES C., Bacteriology Dept., University of Kentucky, Lexington, 
Ky. Bact. 

Hyuron, Mrs. MArJoriz, Central High School, Richmond, Ky. 


INGELS, BEN C., 915 8S. Limestone St., Lexington, Ky. Eng. 
Insko, W. M., Jr., Poultry Dept., University of Kentucky, Lexington, Ky. 
IRVIN, CHESTER C., First Baptist Church, Route 3, Jeffersontown, Ky. Biol. 


JEweETT, H. H., Entomology and Botany Dept., University of Kentucky, Lexing- 
ton, Ky. 

JILLSON, W. R., 301 W. Third St., Frankfort, Ky. Geol. 

JOHNSON, E. M., Agronomy Dept., University of Kentucky, Lexington, Ky. Biol. 

JOHNSON, M. F., Division of Design, Department of Highways, Frankfort, Ky. 
Eng. 

JOHNSON, SAMUEL CECIL, Zoology Dept., University of Kentucky, Lexington, Ky. 
Biol. 

JOHNSON, SIDNEY P., Cumberland College, Williamsburg, Ky. 

JOHNSON, SYDNEY E., St. Joseph Infirmary, Louisville, Ky. Med. 

JOHNSTON, FRANCIS J., 2315 Glenmary Ave., Louisville, Ky. Chem. 

JOHNSTON, RicHARD A., 1321 Olive Blvd., Murray, Ky. Phys. 

JONES, DANIEL J., Miller Hall, University of Kentucky, Lexington, Ky. 

JONES, P. R., Cumberland College, Williamsburg, Ky. 

JONES, WILLIAM W., Mathematics Dept., Kentucky State College, Frankfort, Ky. 
Math. 


Membership List 27 


_ JorcENnson, F. A., Joseph E. Seagram & Sons, Inc., Louisville, Ky. Bact. 
JuETT, JoHN Brooks, 1112 First National Bldg., Lexington, Ky. Med. 


Karraker, P. E., Agronomy Dept., University of Kentucky, Lexington, Ky. Biol. 

Kennepy, A. J., 101 W. Chestnut St., Louisville, Ky. Med. 

Keys, CHARLES, Biology Dept., Asbury College, Wilmore, Ky. 

Kip.incer, C. C., West Liberty State Teachers College, West Liberty, W. Va. 

Kuayver, F. W., Joseph E. Seagram & Sons, Inc., Louisville, Ky. Biol. 

Kworu, SysiL, Box 175, Kuttawa, Ky. Biol. 

Korcuer, Emit, Bacteriology Dept., University of Louisville, Louisville, Ky. 
Bact. 


LaFuze, H. H., Eastern Kentucky State College, Richmond, Ky. Biol. 

Lancaster, L. Y., Western Kentucky State College, Bowling Green, Ky. Biol. 

Lance, Karu O., Aeronautical Research Laboratory, University of Kentucky, 
Lexington, Ky. Eng. 

LATHAM, JAMES K., 533 So. Limestone St., Lexington, Ky. Eng. 

LAZARULE, WILLIAM, Box 1118, Berea, Ky. Biol. 

Levey, Grrrit, Berea College, Berea, Ky. Biol. 

LinpsAy, DwicHt, Georgetown College, Georgetown, Ky. Biol. 

Loespon, Rosert F., American Air Filter, 215 Central, Louisville, Ky. Eng. 

LovELL, Harvey, Biology Dept., University of Louisville, Louisville, Ky. Biol. 

LoveLL, Mrs. Harvey B., ¢/o Biology Dept., University of Louisville, Louis- 
ville, Ky. Biol. 


McCarDWELL, Betty Jo, 614 8. Chapel St., Falmouth, Ky. 

McCLELLAN, JAMES T., 506 Spring Hill Dr., Lexington, Ky. Bact. 

McFaruan, A. C., Geology Dept., University of Kentucky, Lexington, Ky. Geol. 

McGraw, Evans C., 634 Loudon Ave., Lexington, Ky. Eng. 

MacLavury, DoNALD, Experiment Station, University of Kentucky, Lexington, Ky. 

McNatiy, ©. P., Chemistry Dept., Western Kentucky State College, Bowling 
Green, Ky. Chem. 

Sister M. ANTONIA KLAPHEKE, St. Joseph Infirmary, Louisville, Ky. Med. Tech. 

Manpia, JAMES, Animal Pathology Dept., University of Kentucky, Lexington, 
Ky. Bact. 

Mann, Epwa, 3420 Preston Highway, Louisville 13, Ky: 

Manna, L., Joseph E. Seagram & Sons, Ine., Louisville, Ky. Bact. 

Martin, Mayo, 216 Briarcliff, Apt. 12, Frankfort, Ky. Biol. 

Sister MAry ADELINE, Nazareth College, Louisville, Ky. 

SIstER MAry SIMONETTE, Nazareth College, Louisville, Ky. Biol. 

MASON, MALCOLM JR., 25 Hampton Court, Lexington, Ky. 

MATTINGLY, C, O., 932 S. Limestone St., Lexington, Ky. Biol. 

Maurer, Davip W., University of Louisville, Louisville, Ky. 

Maynor, Hau W., 4321 Statton Rd., Louisville, Ky. 

Mayo, EvizABeTH, Dept. Physics, University of Louisville, Louisville, Ky. Phys. 

MEaApDow, JacoB, Chemistry Dept., University of Kentucky, Lexington, Ky. Chem. 

MENKING, H. V., Reynolds Metals Co., 2500 S. Third St., Louisville, Ky. Eng. 

MippieTon, AusTIN R., Biology Dept., University of Louisville, Louisville, Ky. 
Biol. 

Morrat, JAMES, Chemistry Dept., University of Louisville, Louisville, Ky. Chem. 

Moore, AMy IRENE, Breckenridge Training School, Morehead, Ky. 

Moorz, JoHN R., Biology Dept., Cumberland College, Williamsburg, Ky. Biol. 

Moorr, WALTER L., Mathematics Dept., University of Louisville, Louisville, Ky. 
Math. 


28 Kentucky Academy of Science 


Moorez, WILLIAM J., Eastern Kentucky State College, Richmond, Ky. Soc. Sct. 
Moosnick, F. B., 184 N. Mill St., Lexington, Ky. Med. 

Moosnick, Monror, Versailles, Ky. Chem. 

Morton, MarGareEt, 340 Columbia Ave., Lexington, Ky. Biol. 

Muir, KATHERINE P., 1816 Rosedale Ave., Louisville 5, Ky. Med. Tech. 
MULLIKIN, H. Y., 407 Hollyhock Lane, Georgetown, Ky. Phys. 

Muss, KENNETH NEWELL, Box 2004 Philrich Branch, Barger, Texas. Chem., Biol. 


Nerr, Stuart E., Dept. of Entomology, Cornell University, Ithaca, N. Y. 
NELSON, V. E., Geology Dept., University of Kentucky, Lexington, Ky. Geol. 
NOLL, WALDEMAR, Physics Dept., Berea College, Berea, Ky. 


OLNEY, ALBERT J., Horticulture Dept., University of Kentucky, Lexington, Ky. 
Biol. 

O’RourKE, Mrs. GEORGE, Biology Dept., Kentucky State College, Frankfort, Ky. 

OWSLEY, WILLIAM B., Morehead State College, Morehead, Ky. Biol. 


PackowSskl, G. W., Joseph E. Seagram & Sons, Inc., Louisville, Ky. Eng. 

PaLMoRE, ROBERT, Route 2, Box 527, Louisville, Ky. Eng. 

PANZERA, Pere, Murray State College, Murray, Ky. Chem. 

PaRKER, GEORGE H., Kentucky Inspection Bureau, 940 Starks Bldg., Louis- 
ville, Ky. Eng. 

PaRKER, SuSIE ANA, Harlan County Schools, Loyall, Ky. 

Patton, JAMES E., 623 Hill Ave., Owensboro, Ky. Hng. 

PENNEBAKER, G. B., Tennessee Polytechnic Institute, Cookeville, Tenn. Biol. 

PETERSON, SIGFRED, 332 E. Fairview Rd., Oak Ridge, Tenn. Chem. 

Pettus, Mary, Union College, Barbourville, Ky. Phys. 

PuHILUPS, J. P., Chemistry Dept., University of Louisville, Louisville, Ky. Chem. 

PHILLIPS, TONEY, P. O. Box 211, Morehead State College, Morehead, Ky. Chem. 

PLUCKNETT, WILLIAM K., Chemistry Dept., University of Kentucky, Lexington, 
Ky. Chem. 

Price, Mrs. Mary V., 4305 Michigan Drive, Louisville, Ky. Med. ech. 

PricE, WALTER ALLEN, Entomology and Botany Dept., University of Kentucky, 
Lexington, Ky. Biol. 


RAINES, E. D., Chemistry Dept., Kentucky State College, Frankfort, Ky. Chem. 

Ripegway, J. W., Joseph E. Seagram & Sons, Ine., Louisville, Ky. Chem. 

Ries, H., 401 Thurston Ave., Ithaca, N. Y. Geol. 

Ritey, H. P., Botany Dept., University of Kentucky, Lexington, Ky. Biol. 

RITCHIE, HARLAND, Physics Dept., Centre College, Danville, Ky. Phys. 

ROBERTS, GEORGE, Agronomy Dept., University of Kentucky, Lexington, Ky. Biol. 

Sister RopeRIcK, Nazareth College, Louisville, Ky. Chem. 

RopricuEz, J. G., Entomology and Botany Dept., University of Kentucky, Lex- 
ington, Ky. Bivol. 

RomaAnowitTz, H. A., Engineering College, University of Kentucky, Lexington, 
Ky. Eng. 

Rosen, A. A., 2667 Cedarbrook Ave., Cincinnati 13, Ohio. Chem. 

Rur, E. W., Joseph E. Seagram & Sons, Inc., Louisville, Ky. Bact. 

RusH, R. I., Chemistry Dept., Centre College, Danville, Ky. Chem. 


SANDERS, ELLEN A., Montreat College, Montreat, North Carolina. Biol. 
SANDERS, TED J., 2216 Confederate Place, Louisville 8, Ky. 

Scar, R. E., Joseph E. Seagram & Sons, Inc., Louisville, Ky. 

ScHERAGO, M., Bacteriology Dept., University of Kentucky, Lexington, Ky. Bact. 


Membership Inst 29 


Scunies, ANNA A., 720 E. Washington St., Muncie, Ind. Psych. 

SCHWENDEMAN, JOSEPH R., Geography Dept., University of Kentucky, Lexing- 
ton, Ky. Geog. 

Scorr, Cart, 1616 Carolyn Drive, Lexington, Ky. 

Scort, CARL, General Hospital, Louisville, Ky. Med. 

Scott, Ray V., 125 Hamilton Park, Lexington, Ky. Eng. 

Sray, WiLLIAM A., Agronomy Dept., University of Kentucky, Lexington, Ky. 
Biol. 

SHEppD, CHARLES L., Psychology Dept., Berea College, Berea, Ky. Psych. 

SHIPMAN, FRANK M., Brown Forman Distillery, Louisville, Ky. Chem. 

SHOEMAKER, G. L., Chemistry Dept., University of Louisville, Louisville, Ky. 
Chem. 

SuHutTt, CHARLES NOBLE, Berea College, Berea, Ky. 

SLoaNB, Earu P., College of Pharmacy, University of Kentucky, Louisville, Ky. 
Biol. 

SMITH, CHARLES E., 219-3 Shawneetown, Lexington, Ky. Biol. 

SmitH, NewTon R. Jr., Chemistry Dept., University of Louisville, Louisville, 
Ky. Chem. 

SmitH, WALTER T., Chemistry Dept., University of Kentucky, Lexington, Ky. 
Chem. 

SPALDING, H. A., Hazard, Ky. Eng. 

Spann, Liza, Murray State College, Murray, Ky. Biol. 

SPANYER, J. WILLIAMS, Brown-Forman Distillers Corp., Louisville, Ky. 

STEELE, DEWEY, G., Animal Industry Dept., University of Kentucky, Lexington, 
Ky. Biol. 

Stewart, O. J., Chemistry Dept., University of Kentucky, Lexington, Ky. Chem, 

SToKEs, G. W., Agronomy Dept., University of Kentucky, Lexington, Ky. Biol. 

STOKLEY, JOHN A., Geology Dept., University of Kentucky, Lexington, Ky. Geol. 

StoupeEr, R. E., 2078 Ravinia Ave., Louisville, Ky. Geol. 

STRICKLER, THOMAS D., Physics Dept., Berea College, Berea, Ky. 

Stump, I. C., Brown Forman Distillery Corp., Louisville, Ky. 

SUMPTER, WARD C., Chemistry Dept., Western Kentucky State College, Bowling 
Green, Ky. Chem. 


TAYLOR, WILLIAM M., Psychology Dept., Georgetown College, Georgetown, Ky. 
Psych. 

TEMPLETON, WILLIAM C., Agronomy Dept., University of Kentucky, Lexington, 
Ky. Biol. 

TERRELL, D. V., Engineering College, University of Kentucky, Lexington, Ky. 
Eng. 

THOMPSON, HERBERT H., Jr., Apt. B. 1632 E. Franklin St., Evansville, Ind. Eng. 

THORNTON, RAYMOND CHARLES, 1253 Washington, Evansville, Ind. Eng. 

THORPE, JAMES F., 185 Kentucky Ave., Lexington, Ky. Eng. 

ToLLER, A. Louis, Dept. Physics, University of Louisville, Louisville, Ky. Phys. 

TOWNSEND, LEE HILL, Entomology and Botany Dept., University of Kentucky, 
Lexington, Ky. Biol. 


Uneer, E. D., Joseph E. Seagram & Sons, Inc., Louisville, Ky. 


Van Irvin, ALFRED, Physics Dept., Kentucky State College, Frankfort, Ky. Phys. 
SIsTER VIRGINIA HEINES, Nazareth College, Louisville 3, Ky. Chem. 


WacNeER, WILLIAM F., Chemistry Dept., University of Kentucky, Lexington, Ky. 
Chem. 


30 Kentucky Academy of Science 


WALTMAN, C. S., Horticulture Dept., University of Kentucky, Lexington, Ky. 
Biol. 

WALTON, WARREN W., JR., Dept. Mechanical Engineering, University of Ken- 
tucky, Lexington, Ky. 

Weaver, R. H., Bacteriology Dept., University of Kentucky, Lexington, Ky. Bact. 

WEBER, EpwArD H., Bellarmine College, Louisville, Ky. 

WEBER, FRANK E., 509 E. Main St., Lexington, Ky. Biol. 

WEBER, WILLIAM W., 105 N. Bayly, Louisville, Ky. Biol. 

WELDON, J. ELMER, Box 531, 127 Jackson St., Georgetown, Ky. Psych. 

WeEstT, Fenton T., Morehead State College, Morehead, Ky. Math. 

WuitTt, M. M., University of Kentucky, Lexington, Ky. Psych. 

Wuitr, Norma E., 714 S. 40th St., Louisville 11, Ky. Biol. 

WHITNAH, RoBERTA, Box 33, College Station, Murray, Ky. 

WuHirTt, ALLIE L., Biology Dept., Eastern Kentucky State College, Richmond, Ky. 

WICKLER, ABRAHAM, Research Branch, U. S. Public Health Service Hospital, 
Lexington, Ky. Med. 

WiLey, R. H., Chemistry Dept., University of Louisville, Louisville, Ky. Chem. 

WILLIAMS, CHARLES W., American Air Filter Co., Louisville, Ky. Chem. 

WILLIAMS, GORDON C., 1722 Trevilian Way, Louisville 5, Ky. Chem. Eng. 

WILLIAMS, JOHN C., Box 31, Frankfort, Ky. 

Wi~uiaMs, W. L., Kentucky Testing Laboratory, Box 25, Cherokee Station, 
Louisville 5, Ky. Bact. 

WILSON, GORDON, English Dept., Western Kentucky State College, Bowling 
Green, Ky. Biol. 

WILSON, LELAND, Eastern Kentucky State College, Richmond, Ky. 

WILSON, WILLIAM §8., Box 13, College, Alaska. 

Wirtie, C. O. G., University of Louisville, Louisville, Ky. Eng. 

WOLFson, ALFRED M., 310 N. 14th St., Murray, Ky. 


YENOWINE, GEORGE, University of Louisville, Louisville, Ky. 


SUSTAINING MEMBERS 


ApAMSs, S. L., Joseph E. Seagram & Sons, Inc., Louisville, Ky. 

BEARD, JOE, Kentucky Utilities Co., Lexington, Ky. 

BENNETT, D. M., Physics Dept., University of Louisville, Louisville, Ky. Phys. 
Botts, SETH, Kentucky Utilities Co., Lexington, Ky. 

BRAUER, ALFRED, Zoology Dept., University of Kentucky, Louisville, Ky. Biol. 
BucHanan, D. E., Kentucky Utilities Co., Lexington, Ky. 

Capps, JULIAN H., Chemistry Dept., Berea College, Berea, Ky. Chem. 

CarpEy, K. R., Kentucky Utilities Co., Lexington, Ky. 

CarLoss, H. M., Kentucky Utilities Co., Lexington, Ky. 

Crepar. BLurr Stone Co., Princeton, Ky. 

CoRHART REFRACTORIES Co., 1600 W. Lee St., Louisville, Ky. 

DEVOE AND REYNOLDS Co., INc., 15th and Portland, Louisville, Ky. 

FISHER, FRANK, Ashland Oil and Refining Co., Ashland, Ky. 

Fous, F. J., 2133 Commerce Bldg., Houston 2, Texas. 

B. F. GoopricH CHEMICAL Co., P. O. Box 954, Bells Lane, Louisville, Ky. 
HEMPHILL, HuGuH, Kentucky Utilities Co., Lexington, Ky. 

HouLton, HAroup, Ashland Oil and Refining Co., Ashland, Ky. 

Leas, ARNOLD, Ashland Oil and Refining Co., Ashland, Ky. 


News and Notes 32) 


Lrg CLay Propucts Co., Inc., Clearfield, Ky. (2) 

LOUISVILLE FREE PuslLic Lisprary, Louisville, Ky. 

MAXWELL, E. S., Lexington Clinic, Lexington, Ky. 

Mep.Ley DISTILLING Co., P. O. Box 593, Owensboro, Ky. 

Miteti, Orro J., Mileti Co., Inc., 1401 S. 15th St., Louisville, Ky. 

MOoREHEAD STATE COLLEGE, Johnson Camden Library, Morehead, Ky. 

Murray Stare CoLuece, Murray, Ky. 

NoLuavu, HazEt, Morehead State College, Morehead, Ky. 

THE OLD JOE DISTILLERY Co., Lawrenceburg, Ky. 

Penrop, E, B., Mechanical Engineering Dept., University of Kentucky, Lexing- 
ton, Ky. Eng. 

PERKINS, GEORGE, Reynolds Metals Co., Louisville, Ky. 

Reep, R. B., Kentucky Utilities Co., Lexington, Ky. 

SKINNER, W. H., Kentucky Utilities Co., Lexington, Ky. 

SouUTHERN TEXTILE MACHINERY Co., Box 1015, Second and Norton Sts., Paducah, 
Ky. 

SPEED, W. S., 501 S. Second St., Louisville, Ky. 

Strunk, D., Joseph E. Seagram & Sons, Inc., Louisville, Ky. 

VALLEAU, W. D., Agronomy Dept., University of Kentucky, Lexington, Ky. Biol. 

WESTERN KENTUCKY STATE COLLEGE, Bowling Green, Ky. 

WHarTon, Mary E., Biology Dept., Georgetown College, Georgetown, Ky. Biol. 

WuHeEsLy, R. A., Ashland Oil and Refining Co., Ashland, Ky. 

WHITAKER, M. W., Kentucky Utilities Co., Lexington, Ky. 

ZANDONA, OLIVER, Ashland Oil and Refining Co., Ashland, Ky. 


News and Notes 


CALENDAR OF SCIENTIFIC MEETINGS 


(Notice of future meetings of any scientific organization, whether af- 
filiated with the Kentucky Academy of Science or not, may be inserted in 
this column, provided that (a) the meeting place is in Kentucky or an ad- 
jacent state, (b) the meeting is of state-wide rather than of only local 
interest, and (c) proper advance notification is forwarded to the Trans- 
ACTIONS. It is desirable to include the name and address of an individual 
from whom additional information may be secured.) 

March 10, 1955. University of Kentucky, Annual Arts and Sciences 
lecture. L. R. Dawson: “Some Aspects of the Chemistry of Non-Aqueous 
Solutions.” 

April 15, 1955. Kentucky Association of Physics Teachers. University 
of Louisville, Louisville, Kentucky. (Secretary: Carl E. Adams, Univer- 
sity of Louisville.) 

April 15, 1955. Kentucky Ornithological Society, Annual Spring Meet- 
ing. Louisville, Kentucky. 

April 29-30, 1955. Kentucky Academy of Science, Spring Meeting. 
Cumberland Falls State Park. 

October 1955. Kentucky Academy of Science, Forty-first Annual Meet- 
ing. Kentucky State College, Frankfort, Kentucky. 
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November 1955. Kentucky Society of Natural History, 15th Annual 
Competition of Nature Photography. (Address Box 81, University of 
Louisville.) 


Dr. J. D. Ropricuez, assistant entomologist at the University of Ken- 
tucky Agricultural Experiment Station, has been awarded a $10,000 grant 
by the Rockefeller Foundation for a two-year project entitled “Investiga- 
tions in the Nutrition of Various Plant-Feeding Mites.” The study will — 
be made in cooperation with the Chemistry Department of the University 
of Kentucky and will be administered by the Kentucky Research Foundation 
of the University. 


A Siema X1 chapter has been granted to the University of Louisville, 
where a Sigma Xi club has existed for several years. Installation of the 
chapter and election of its first officers will occur on May 20, 1955. The 
installing officer is to be Joseph W. Barker, President of the Society of the 
Sigma Xi. 


Dr. A. Louis Touuer has joined the staff of the Physics Department, 
Speed Scientific School, University of Louisville. Dr. Toller obtained his 
Ph.D. at Duke University. 


THE 1955 SPRING MEETING 


Preparation of the program for the 1955 Spring Meeting of the Ken- 
tucky Academy of Science is nearing completion as this issue goes to press. 
The meeting will be held at Cumberland Falls National Park on Friday 
and Saturday, April 29 and 30. The Friday afternoon program will be 
provided by the Kentucky Department of Fish and Wildlife Resources. 
On Friday evening, Robert Collins, of the U. S. Forest Service, will pre- 
sent a program entitled “Your Cumberland National Forest.” 

Field trips on the geology and biology of the area will be conducted 
Saturday morning, and will be followed by a short motion picture before 
lunch. The program of Saturday afternoon will deal with amateur science 
and will be planned to be of especial interest to organizations in various 
fields of natural history. 

A detailed program of the meeting will be mailed to each member of 
the Academy and to members of various other organizations. Additional 
copies may be secured by writing to the Secretary of the Academy. 


INSTRUCTIONS FOR CONTRIBUTORS 


The TRANSACTIONS OF THE KENTUCKY ACADEMY OF SCIENCE is a medium of 
publication for original investigations in science. Also as the official organ of the 
Kentucky Academy of Science, news and announcements of interest to the mem- 

_ bership are published therein. These include programs of meetings, titles, abstracts 
of papers presented at meetings, and condensations of reports by the Academy’s 
officers and commitiees. 

Papers may be submitted at any time to the editor or one of the associate 
editors. Hach manuscript will be reviewed by one or more persons qualified in the 
field in addition to the editors before it is accepted for publication, and an attempt 

will be made to publish papers in the order of their acceptance. Papers are ac- 

cepted for publication with the understanding that they are not to be submitted 
for original publication elsewhere, and that any additional printing shall be at a 
later date and shall be designated in an appropriate credit line as a reprint from 
the TRANSACTIONS OF THE KENTUCKY ACADEMY OF SCIENCE. 

Manuscripts should be typed, double-spaced, with wide margins, on paper of 
good stock. The original and one carbon copy should be submitted, and the author 
should retain one additional carbon copy. It is desirable that the author have his 

colleagues read the manuscript for clarity of expression and typographical or other 
errors. 

Titles must be clear and concise, and provide for precise cataloging. Textual 
_material should be in clear, brief, condensed form. Footnotes should be avoided. 
Tables and illustrations are expensive and should be included only to give effective 
presentation of the data. Articles with an excessive number of tables or illustra- 

tions, or with poorly executed tables or illustrations, may be returned to the author 
for modification. 

Line drawings will appear as temxt-figures, while half-tones or other processes 
requiring paper inserts will appear as plates. Text-figures should be jet-black on 
_ white; shading may be indicated by stippling or lines but not by half-tone washes. 
_ Drafting should be carefully done (hand lettering generally is not satisfactory). 
_ Photographs for plates should have good contrast and be printed on glossy paper. 

_ Plates and text-figures are to be numbered consecutively and independently ; on the 
“back of each its number and the author’s name should be written lightly in pencil. 
_ Each plate and text-figure must be referred to specifically in the text and must 
be provided also with a legend, the latter to be supplied as typed copy separate 
from the figures. Figures should be arranged into groups whenever possible and 
the legend for each group written as a separate paragraph. The amount of reduc- 
_ tion desired should be indicated and should be consistent with the page dimensions of 
r petis journal. Indications of magnification should apply to the reduced figure. 

The aim of the paper should be made clear in the introductory portion. If the 
_ paper is of more than a few pages it should contain a brief ‘‘Summary,’’ which 
_ should be lucid without recourse to the rest of the article. In the interest of biblio- 
"graphic uniformity, arrange all references under a ‘‘Literature Cited’’ heading, 
in either of two sequences: (a) alphabetically by author and date, unnumbered, with 
ffextual citation by parenthetic insertion of author and date, as (Jones, 1940), or (b) 
numbered in the sequence in which textual citation by numbers is made, as (1), 
4 (2), ete. Use initials for given names. Titles of books must be included, but 

those of articles in-a serial may be omitted at the author’s discretion. Abbreviate 

“names of journals, using the form employed by Chemical Abstracts or Biological 
_ Abstracts. Separate the volume number from page numbers by a colon. References 
to books should include also the place of publication and the publisher. 

The author is responsible for correcting the galley proof. Extensive alterations 
from the original are expensive and must be avoided or paid for by the author. 
Galley proofs must be returned promptly. Blanks for reprint orders will be sup- 
‘plied with the galley proof. 
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Some Observations on Technical Education* 


Haroup C. UREy 
Institute of Nuclear Studies, University of Chicago 37, Illinois 


oe suBJECT of technical education is one of increasing importance 
to this country. Up to the turn of this century we produced only one 
really great scientist, namely Josiah Willard Gibbs, and in fact we 
may never have produced another who is his equal. We have de- 
pended on Europe for the results of brilliant scientific effort and have 
prided ourselves on practical applications. Indeed, we have con- 
quered a wild continent and have made this country first in the world 
in certain respects. We are rapidly coming toward a more equal 
position relative to other countries in art, literature and science. The 
executioner in the Mikado had a little list, and on it were those who 
praise every century but this and every country but their own. 
Whenever I feel critical of my own country I think of this ‘‘little 
list’? and temper my criticism. However, I do wish to point out some 
faults in our approach to this problem of technical education. 


PuRE AND APPLIED SCIENCE 


There is a very distinct difference between pure and applied 
science. This difference lies in different objectives. Thus all scien- 
tists use much the same experimental and mathematical methods and 
the same criteria for truth. But there are two distinct groups of 
scientists well-recognized by the general public and even by our 
intellectual colleagues in other fields. The pure scientist is attempting 
to understand natural phenomena and to formulate natural laws 
which describe and correlate such phenomena. The applied scientist 
is attempting to invent and develop useful things. The pure scientist 


* Address given at the dedication of the Natural Science Building, University of Louis- 
ville, December 7, 1954. 
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often discovers useful things and the applied scientist often discovers 
natural laws, but these are purely incidental to their primary pur- 
poses and activities. I wish to emphasize this distinction without in- 
tending to draw any invidious distinctions. I have devoted most of 
my life to pure scientific problems, but I could have been an applied 
scientist and felt that my life was worth while. 

I believe that we should not justify pure science on the basis that 
it supplies applied science with the fundamental principles and in- 
formation for its advances, which of course is true, just as on the 
other hand it would be wrong to justify applied science on the ground 
that it supplies apparatus for pure science. The first should be justi- 
fied on the ground that it contributes to the intellectual life and 
understanding of men, and the second because it contributes comfort 
and leisure which in turn contribute to the intellectual life of men. 
We should understand and frankly recognize that the highest char- 
acteristic of man is his intellect and that things of the minds of men 
are more important than anything else that we find in our brief so- 
journ as conscious beings on this planet. 

There is a definite popular tendeney to justify chemistry because 
it supplies paint, nylon, ete.; biochemistry by its contributions to 
medicine; biology by its importance to medicine and agriculture; 
geochemistry or geophysics by their aid in finding oil; atomic energy 
by its application for atomic weapons and power. All of these 
sciences and all the others are important because they aid us in under- 
standing this universe in which we live. As examples of scientific 
developments which are largely not important in practical ways we 
may mention the extent of the universe as demonstrated by modern 
astronomy ; the age of the earth and its history as shown by geological 
studies; the origin and evolution of animals and plants, including 
man, as developed by biology; the marvels of living things as ex- 
plained by biochemistry and biology; the laws of the atom and the 
atomic nucleus and the origin of the elements, which have been de- 
veloped or are being developed by modern physics. These things are 
available for twentieth century men and were largely not known at 
the turn of the century. During the next half century similar discoy- 
eries will be made by the students who will sit in the class rooms of 
this building that we dedicate today, or who will occupy similar 
classrooms the world over. The year 2000 will witness truly remark- 
able additions to our knowledge of today. And this knowledge we 
should value above material comforts of all kinds. What a rare privi- 
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lege that we have in being so fortunate to live at least a brief time 
and to be conscious of the existence of this universe, its immense ex- 
tent, its great age, its most remarkable micro structure and perhaps 
most remarkable of all, that living things exist. 


THE TRAINING OF SCIENTISTS 


There are many factors that enter into the long process of pro- 
ducing a well-trained scientist. His preparation starts with his early 
education and he is still learning when he retires. Perhaps a bit of 
personal experience would be acceptable at this time. 

One of the most important incidents in my scientific training 
occurred when I was in a country school in De Kalb County, Indiana. 
It was a seven month country school with all grades under one 
teacher—I have forgotten her name. But this teacher taught me how 
to study. I well remember that she told me how to read and under- 
stand every phrase, clause, sentence and paragraph and hence to 
read an assignment only once. It was a wonderful lesson and went 
with me through high school, college, and even to the present time. 
I owe much to other teachers, but one more example will suffice. 
In college I had the good fortune to have a devoted and enthusiastic 
teacher of geology, Professor A. W. Bray, for many years a professor 
at Rensselaer Polytechnic Institute. He did many things well, but I 
remember him best for his devotion to his students, of whom I was 
one. He brought together some dozen science students to form an 
extra-curricular science club. Each of us attempted to do some 
research or make some special study that was not in our assigned 
courses. It was my special project to study the protozoa of a slough 
of the Missoula River. Much of my enthusiasm for research started 
with that project. As a college student my professors paid much 
attention to me as an individual, and this included professors in all 
departments. This attention fed an ego, if you like. It inspired con- 
fidence in myself. It drove me to all kinds of extracurricular activity. 
I enjoyed hard work. 

It is well to remember that usually it is true that successful men 
so often remember devoted teachers who gave them inspiration at 
critical times of their lives. 

In my mind teachers are more important than details of curri- 
eula, than buildings, even such a beautiful one as we dedicate today. 
So often it seems to me that the people of the United States exhibit 
a great respect for education—or is it only a respect for attendance 
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at college? But we seem to have so little respect for teachers! They 
are poorly paid, often held in low esteem in the community, and to- 
day, along with many other intellectuals, regarded with suspicion. 
This attitude must be changed or we will rapidly fall behind in these 
difficult subjects of the sciences, as well as in every other type of in- 
tellectual pursuit. Teachers at all levels must be paid well and we 
must respect learning. 

On the side of curriculum, there are many things which can be 
specified. Arithmetic must be stressed in grade schools, algebra, 
geometry and even elementary differential calculus in high school. 
Some science should be learned in high school as well. But selection 
of students should begin at this point. It has always seemed to me 
that science is so faseinating that everyone should study some phase 
of it, and it is really so easy that everyone should make top grades. 
But statistics seem to disagree with me on these points, and like many 
other people I bow reverently to statistics. It would seem that there 
are people who do not like science, and in fact, many who do not 
like other intellectual subjects. It seems odd to me that this should 
be so, but apparently many people are so foolish as to think that they 
do not enjoy involved and intricate lines of logic and learning. Very 
well! Then we must make some selection of our students and put 
some real effort into training students for college. Unlike revolution- 
ary France, this republic needs scholars. We should select the best 
students and give them the best teachers that we can hire. This 
should be done in the grade schools and in high school. 

Colleges in the United States are too often finishing schools. They 
will become less so perhaps as we find the army demanding a couple 
of years of every man’s life. The primary purpose of a college should 
be education and neither learning the social graces, which are not 
unimportant, or watching athletic games, which are unimportant 
except for exercise and pleasure of the participants. But the United 
States is rapidly moving to the position that Europe has occupied 
for a long time. Our position of world leadership in certain things 
requires a more mature intellectual leadership than has been neces- 
sary in the past. Whether we like it or not we are not only an inter- 
national power, but it is important that we be the international 
power. Such a position can be acquired and held only by a proper 
combination of intellectual and physical pre-eminence, and physical 
strength today depends in greater measure on intellectual strength 
than it has in the past. It is necessary that we take college education 
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seriously today, and this means that we must give more attention to 
all education. 

Before going on to some positive statements in regard to this 
subject, let me make a few remarks in regard to a negative approach 
to education which seems to me to be popular, and in fact, becom- 
ing more popular in this country, though perhaps it is leveling off at 
the present time. I refer to the theory that education can be improved 
by inquisitorial investigation committees, that find very little wrong 
doing but manage, quite intentionally I think, to create the impres- 
sion that all teachers, both college and otherwise, are disloyal to 
their country, its institutions, and the principles upon which they 
are based, and to its government, and that at best they are slightly 
erazy. In fact, it is a much too universal opinion that if people who 
are teachers had any real ability they would be doing something, in 
fact, anything, else. Teachers are an odd group of people and they 
must be a profound puzzle to people who have no objective in life 
except to supply the needs of physical existence for the traditional 
and now real four-score and ten years. 

But this attack on teachers, which seems to me to be most persist- 
ent, has been making the teaching profession less and less desirable. 
The charge that is most popular today is that all teachers are sus- 
pected of being Communists. Some few hundredths of a percent of 
the population of the United States is reported to subscribe to Com- 
munist doctrine. Hence if one takes a random sample of some 
3000 people of the United States one is likely to find one Communist 
among them. I suspect that the percentage of Communists among 
teachers is less than the average. I do not like Communists or their 
‘‘ism.’’ They do not seem to me to have the objective approach to 
problems which a teacher should have, and I believe that our Western 
traditions and institutions are superior. But when it comes to what 
I believe is excessive worry about this problem, I recall how diffi- 
cult it is to influence young people in any direction. I have spent 
nearly my entire adult life in the teaching profession, and I often 
wonder whether I have changed any student’s approach to any prob- 
lem in any fundamental way. The question is, ‘‘If I had not been 
a student’s teacher, would he not under some other instructor have 
arrived essentially at the same position in adult life?’’ Mostly the 
answer is surely ‘‘Yes.’’ Young people are tough, and they have a 
remarkable ability to resist instruction or indoctrination. In fact, 
the process of becoming adult involves almost automatically resistance 
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to the ideas of older people, both parents and teachers, as well as 
others. 

But this negative approach to education will damage our whole 
educational system. Even today it seems to me that there is great 
illiteracy in the United States. Many people do not have the ability 
to read in any really effective way. Our newspapers must cater to 
people of a very low level of education—or so they believe. What 
fraction of the population reads one serious book a year—that is, any 
book besides detective stories or comics? I fear very much that even 
many of our college graduates go through life without ever acquiring 
a library of even a few shelves of books. 

I lived in Denmark for one year some 30 years ago, and sometimes 
now return to visit the delightful city of Copenhagen. There are 
many little bookshops in that city, and they have been on the same 
corners for at least 30 years. They carry books in Danish, English, 
German, French, and other languages, and they evidently sell enough 
books to stay in business. Imagine a bookshop in the United States 
displaying books in foreign languages! And how difficult it is to find 
a bookshop! We badly need to stop the negative approach to educa- 
tion and spend more time on a positive approach to our problems. 

To professional educators the positive approach to educational 
problems is very obvious. The educational process includes three 
principal ingredients: teachers, students and physical facilities. It 
involves inspiration and it appeals to those of us who like knowledge 
and people and who have a belief that more knowledge for people is 
something so worthwhile that we give our lives to it. 

But how to secure teachers, students and facilities? Mostly they 
can be secured best in one package. If we secure better teachers and 
better facilities, better students are attracted to our colleges. Better 
students attract better teachers as does nothing else. 

But now comes the unpopular part! These things cost money. 
But this country needs a $50,000,000,000 educational program far 
more than it needs a similar road program and it can afford both. In 
fact, it cannot afford not to have such an educational program. I re- 
call a cartoon relative to these programs. A country school teacher 
and some small children are standing beside a road with a country 
school house behind them. An automobile labeled ‘‘50 billion dollar 
road program’’ passes them. A child looks up at teacher and says, 
‘“They went by awfully fast, didn’t they?’’ This cartoon touched me 
deeply. Fifty years or more ago I might have been that child and 
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the school house might have been mine. How often our lives are 
changed by small events, just a feather perhaps on our side of the 
balance at times! One such feather for me was instruction by such a 
teacher in such a school house on the proper way to study. What I 
wish to say is that we should regard all educational institutions for 
what they are, namely as important as food, clothing and shelter and 
more important than roads, our plumbing, our liquor bill, our tele- 
vision sets, ete. It is a little difficult to believe that this is our atti- 
tude at the present time. A program of educational expansion should 
include a doubling of teaching salaries right down the line. It should 
recognize the necessity of adequate school buildings properly janitored 
and painted and it should inelude an adequate scholarship program 
for students. Increased salaries would first of all induce a certain 
respect for teachers on the part of much of our population and both 
would attract more capable people to the teaching profession. There 
would be keener competition and we could be more selective of our 
teachers. This would be a great positive approach to this problem of 
education on all subjects and all levels. Scientific education suffers 
today more because of difficulties characteristic of education in all 
subjects than because of any special problems of its own. 

But scientific education is not complete with a bachelor’s degree 
for many people who will become our leaders in the future. The 
graduate school with its doctor’s degree is required. Here financial 
aid to the student is of paramount importance because few parents 
ean afford the additional cost of support for their children during 
these additional years. | 

Much attention is being given to these areas at the present time 
largely, I think by most intelligent and enlightened men who are 
charged with looking after the very necessary military position of the 
U. 8. Support should be given to scientific education because eduea- 
tion increases the happiness of men and the usefulness of themselves 
to their fellowmen. 

At the beginning of this lecture I mentioned the executioners 
“little list.’”’ I hope I have not gotten myself on this list perma- 
nently. We all have great confidence in the ultimate good sense of 
the common people of this country. Our educational problems are 
very great at the present time, but just because of this they will im- 
press themselves upon our people and proper corrections will be 
made. I only wish to urge my fellow citizens to consider these prob- 
lems most seriously. 
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Aurnovan numerous studies concerning the conductance of an- 
hydrous salts in non-aqueous solvents at low temperatures have been 
made in this Laboratory (1, 2, 3), similar studies of solutions of hy- 
drated salts in non-aqueous solvents have been lacking. For that 
reason, the objective of this work has been to investigate the conduc- 
tance behavior of concentrated solutions of two hydrated magnesium 
salts in methanol at low temperatures and to compare the results 
with those which have been obtained previously for non-aqueous 
solutions of anhydrous salts. 


EXPERIMENTAL 


After it had been refluxed for several hours over Activated Alumina, 
absolute methanol (‘Baker Analyzed’ reagent) was fractionated through an 
efficient column. The middle fraction which was retained had a conductivity 
of 2 x 10-7 ohm—! em.—! at 20° C. Magnesium acetate tetrahydrate (Mal- 
linckrodt, Analytical Reagent) and magnesium nitrate hexahydrate (Eimer 
and Amend, Tested Purity) were used without further purification. All 
solutions were prepared directly on a weight basis. Necessary buoyancy 
corrections were applied. 

The constants of the conductance cells which were employed were de- 
termined using 0.01 demal potassium chloride solutions according to the 
method of Jones and Bradshaw (4). A Jones bridge assembly, manufactured 
by the Leeds and Northrup Company, was used to measure the resistances of 
the solutions contained in the conductance cells. Resistances measured at 
500, 1000 and 2000 cycles per second were observed to have no significant 
frequency dependence. 

The temperature of the solution in a conductance cell was regulated by 
a manually controlled thermostat consiting of a specially constructed five- 
gallon Dewar flask filled with Shellacol (impure ethanol) which was cooled 
by the addition of powdered dry ice. Vigorous agitation of the bath liquid 
was provided by motor-driven stirrers. Temperatures in all cases were meas- 
ured with thermometers which frequently are compared with thermometers 
calibrated by the National Bureau of Standards. Measurements were made 


5 * Based in part upon research performed under a contract with the U. S. Army Signal 
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at 20°, 10°, 0°, —10°, —20°, —30°, —40° and —50° C. The bath 
temperature could be controlled within 0.2 degree. 


RESULTS 


The data pertinent to the conductivities of magnesium acetate tetrahy- 
drate and magnesium nitrate hexahydrate in methanol may be found in 
Tables I and II respectively. The conductivity of the salt was obtained by 
subtracting the conductivity of the solvent from that of the solution. The 
conductivity factor (that is, the conductivity at 20° divided by that at 
—50° C., abbreviated C.F.) has been listed also in these tables. 


DISscUSSION 


From the data in Tables I and II for comparable concentrations 
at a given temperature, it may be observed that the conductivity of 
magnesium nitrate hexahydrate in methanol is several times greater 
than that of magnesium acetate tetrahydrate in the same solvent. The 
difference between the ionic mobilities of the acetate and nitrate ions 
in methanol can account for only a small fraction of the observed dif- 
ference of conductivities of the two hydrated salts. Hence, other 
factors such as types of bond linkages probably must be taken into 
consideration. Magnesium nitrate is a fairly typical 2-1 electrovalent 
compound ; however, magnesium acetate apparently is capable of auto- 
complex formation. Rivett (5, 6) has suggested that polymerization 
of magnesium acetate occurs through the formation of chains of 
chelate rings both in solution and in the solid state. He found that 
the conductivity of aqueous magnesium acetate solutions was a maxi- 
mum at approximately 1.0 molal whereas the conductivity maximum 
of aqueous magnesium chloride solutions was five times greater and 
occured at approximately 2.5 molal. The same general trend of re- 
sults has been observed for magnesium acetate tetrahydrate and 
magnesium nitrate hexahydrate in methanol. At 20° C., the con- 
ductivity maxima oceur at approximately 1.0 and 2.7 molal respec- 
tively for the acetate and nitrate salts. Also, as indicated previously, 
the nitrate is several times more conducting than the acetate in 
methanol. 

The conductivity maximum for each of the two hydrated mag- 
nesium salts in methanol tends to shift to smaller concentrations at 
lower temperatures. At —50° C., the maxima occur at approximately 
0.5 and 0.75 molal respectively for the acetate and nitrate salts. 
Shifting phenomena of this type have been observed for every sys- 
tem which has been studied over a wide temperature range in this 
laboratory. 
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TABLE I. CONDUCTIVITY (OHM—1 oM.—1) x 106 oF MAGNESIUM ACETATE TETRA- 
HYDRATE IN METHANOL AT TEMPERATURES WITHIN THE RANGE 20° To —50° OC, 


Mo.uau ConcENTRATION 


Temp. (°C.) 
0.102 0.256 0.458 0.878 1.045 
DO SRE rate ed a2, 1991 2533 2897 2930 
NOS sey ace: 1115 1847 2304 2533 2518 
OSS eter 1054 1673 2040 2137 2110 
Oe ches ena: 971 1492 1782 1783 1700 
=D (Re eae 861 1315 1517 1425 1330 
=O See bie 751 1115 1243 1085 992 
—40° BeKe 637 931 1000 806 706 
—50° 523 749 763 562 477 
Chie alse 2.24 2.66 3.32 DOU 6.14 
Mo.uat ConcENTRATION 
Temp. CC.) |_| jj] je 
1.65 2.40 BazAll 4.15 OBO 
DAU) S cate atic Uses 2725 2274 1806 1346 880 
II(Q) Syste aunt ee 2213 1754 1346 907 542 
Oops Manet Be 1752 1285 868 576 310 
il eee cies tee 1325 896 508 ByA0 153 
=O aoa eek 947 573 321 176 66.2 
=O aie Pe eae 641 333 164 70.4 PR oe 
A eee ete: 408 184 WAee, 26.6 6.7 
Sa orinie wary gene 189 85.8 Dine, 6.0 1.3 
(OSI DA ita rn 14.4 26.5 66.4 224 620 


It should be pointed out also that the low-temperature maximum 
conductivity of the magnesium nitrate hexahydrate is approximately 
half as great as that which has been observed previously for anhy- 
drous salts such as magnesium, zine and lithium perchlorates or po- 
tassium thiocyanate in the same solvent or in similar non-aqueous 
solvents. Probably this results primarily from increased viscosity 
effects in the solutions containing appreciable quantities of water 
from the hydrated salts. 

For methanol solutions of both hydrated salts, the conductivity 
factor (that 1s, the conductivity at 20° C. divided by that at —50° 
C., abbreviated C.F. in Tables I and II) tends to increase with in- 
creasing solute concentration. As the concentration of magnesium 
nitrate hexahydrate increases from 0.2438 to 4.26 molal, the condue- 
tivity factor was observed to increase from 3.5 to 38.6. For a com- 
parison, as the concentration of magnesium acetate tetrahydrate 
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TaBLE II. CoNDUCTIVITY (OHM—1 cM.—1) x 104 oF MAGNESIUM NITRATE HEXA- 
HYDRATE IN METHANOL AT TEMPERATURES WITHIN THE RANGE 20° To —50° C. 


Moat ConcENTRATION 


Temp. (°C.) 
0.243 0.509 0.765 0.995 
0 Bee 106.7 168.7 207.7 P2374. iL 
i036 94.3 146.0 176.6 194.6 
Oo See 81.9 124.3 147.4 159.8 
= 10 Ae 70.8 103.8 120.7 128.7 
=f 59.2 84.7 95.8 100.2 
=?) ; ee 48.8 66.8 (A0) 77.9 
=i! ae 39.0 52.4 56.0 Seo 
= SUE eee 30.1 38.5 39.2 SYS) 
OR Bee. oe ses 3.54 4.37 5.30 6.18 
Moat ConcENTRATION 
Temp. (°C.) — A a 
1.471 Dato 3.293 4.264 
2)? 260.4 269.9 263 .6 247.4 
O° ae 212.8 210.2 200.7 183.1 
hee 168.8 157.9 146.2 128.8 
= | ae 133.4 114.0 104.9 88.5 
=e 98.9 77.6 67.8 54.0 
= 25 eee 72.0 50.1 42.0 alee 
0 eRe 48.5 29.0 Peps 15.2 
=U? eee 30.6 14.7 10.9 6.4 
Os i 8.50 18.3 24.1 38.6 


increased from 0.102 to 5.51 molal, the conductivity factor was ob- 
served to increase rather phenomenally from 2.2 to 620. This may 
have been caused in part also by pronounced viscosity effects in the 
solutions containing appreciable quantities of water from the hy- 
drated solutes. However, the effects of this type should be somewhat 
comparable for the two salts whereas it appears that the effect is much 
greater for the magnesium acetate solutions. Viscosities were not 
measured but it was observed that the methanol solutions of mag- 
nesium acetate tetrahydrate became rigid in the conductance e¢ells at 
the lower temperatures. Rivett (5) reported that a saturated aqueous 
solution of magnesium acetate had a viscosity 155 times as great as 
that of water. He suggested that it results from effects arising from 
the chelate-type polymerization of magnesium acetate in solution. 
It is probable that this phenomenon occurs to some extent in methanol 
solutions of magnesium acetate tetrahydrate. 
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SUMMARY 

1. Conductivities of magnesium acetate tetrahydrate and magnesium 
nitrate hexahydrate in methanol have been determined at several 
temperatures within the range 20° to —50° C. 

2. Magnesium acetate tetrahydrate was found to be several times 
less conducting than magnesium nitrate hexahydrate. 

3. The hydrated magnesium salts were found to be less conducting 
than anhydrous salts in methanol at low temperatures. 

4. The conductivity maximum for each salt tends to shift to smaller 
concentrations with decreasing temperatures. 
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A New Heterodyne Beat Capacitance Meter 
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INTRODUCTION 


ics a need for a heterodyne beat capacitance meter existed in 
connection with certain research being conducted by the author, it 
was decided to design and construct an entirely new instrument tak- 
ing advantage of new developments in tube design. 

Several excellent instruments have been described in the litera- 
ture (1, 2,5) which utilize many of the circuit features incorporated 
in this instrument. It has been found that this instrument is equal 
in performance to the previously mentioned instruments. While the 
total number of dial divisions is less than that found on the instru- 
ment made from a BC-221 surplus frequency meter described in a 
recent article (5), it is felt that this disadvantage is compensated for 
by the fact that this instrument provides for visual indication of 
beat frequencies down to one cycle per second or less, as well as 
attachment of a supplementary precision condenser of any degree of 
precision desired. Another feature of this instrument is that only 
one audio beat zone is obtained, thus eliminating the danger of con- 
fusion of one beat zone with another. The cell capacitances are the 
same as those required for the BC-221 instrument, i.e., for dilute solu- 
tions where the dielectric constant is 3 or less, a cell of 30-40 micro- 
microfarads is suitable. 

There are a number of thorough treatments of the theory and 
operation of heterodyne beat instruments (1, 2, 3, 4, 5); the author 
will accordingly confine the present article to a discussion of the 
design and construction of the present instrument. 

The primary requisites of this type of apparatus are: 

(1) High frequency stability 

(2) Ease of reading to zero beat 

(3) Ability to detect in a reproducible manner extremely small 
changes in capacitance. 


DESIGN AND CONSTRUCTION 


In order to obtain maximum frequency stability, rigid mechanical con- 
struction and a crystal controlled fixed frequency oscillator are necessary, 
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as is a stable type of variable frequency oscillator. Good voltage regulation 
is also necessary. In addition, to avoid locking of the two oscillators at 
frequencies near zero beat, effective shielding and loose coupling of the 
oscillators to the mixer is required. 

Both mechanical strength and effective shielding are provided by con- 
structing the oscillators as sub-assemblies in 2” x 2” x 4’ steel boxes which are 
then bolted firmly to the 7” x9’ x2” steel chassis and panel. To provide 
further isolation, the output of the two oscillators is fed to the 6B E6 mixer 
tube via shielded cable. All audio and power supply components are mounted 
beneath the large chassis except for the power transformer which is mounted 
above the main chassis. 

The audio signal from the 6BE6 converter is then fed to a 6AV6 for 
amplification. In order to eliminate an RF component from this signal, 
C 7 provides an RF short to ground. The output from the 6A V6 is fed to the 
earphones or to an audio amplifier equipped with a speaker. Control of the 
volume is by R 9 from the front of the panel. In addition, part of the audio 
signal from the 6AV6 is fed to a 6K5 electron ray tube for visual indication 
of frequencies near zero beat. Due to this, R 9 also controls the shadow angle 
of the electron ray tube. See Figure 1. 

Adequate precision for instruction purposes is provided by a vernier dial 
on C 13; a capacitance change of approximately 0.1 micromicrofarads is de- 
terminable due to the fact that this dial may be read with an accuracy of 1 
part in a thousand, while the capacitance range of the condenser is 100 
mmf. Provision is made for the attachment of a precision condenser, such as 
those made by General Radio Company, Cambridge, Mass., by means of a 
co-axial outlet mounted at the rear of the main chassis beside the co-axial 
outlet for the measuring cell cable. 

Hither miniature paper capacitors or dise ceramics are used, as are 
miniature tubes, thus providing compactness. Since standard radio parts 
are used throughout, replacement of possible burned out parts is facilitated. 

The erystal oscillator is a standard grid-plate circuit. The other circuits 
are also straight forward and offer no novel or critical features. All leads 
should be kept as short as possible to avoid interstage coupling. Shielded 
wire should be used for oscillator output and audio wiring. 

When the instrument is completed, R 12 is adjusted for a current through 
the OA2 tube of 30 ma. The erystal oscillator should then be set into oseil- 
lation by turning C 5, which is controlled by a knob on the face of the panel, 
until a sharp dip in plate current is noted on the meter. In the author’s 
instrument, this minimum current is approximately 2 milliamperes. 

A low reading milliammeter is then inserted into the grid No. 1 cireuit 
of the 6BE6 tube and C 18 is then adjusted for a grid current of 0.5 milli- 
amperes. The meter is then removed and the grid resistor is soldered firmly 
into place. An alternative procedure is to alternately adjust C 6 and C 18 
until a maximum audio signal is obtained in the earphones, R 9 being left 
at the same setting during the adjustment. This completes the adjustment 
of the instrument. 
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6.3V. To Hirs. = L2 


Fig. 1. Cirewit Diagram. 


COMPONENTS LIST 


R 1, 13 47,000 ohm, 4% W. J 1 phone jack 
R 2, 15 10,000 ohm, 1 W. J 2, 3 Co-axial outlet for 
R 3 2 megohms, 1/3 W. RG 8/U cable-connectors 
R 4 20,000 ohms, % W. C1, 2 57 mmf. mica 
BR 5 70 ohms, 1 W. C 3, 4, 15 0.01 mf. disc. ceramic 
R 6 500,000 ohm, % W. C 5, 13, 14 100 mmf. variable 
R 7 22,000 ohm, 1 W. C 6, 18 3-30 mmf. var. trimmer 
R 8 87,000 ohm, % W. C 7, 17 100 mmf. mica. 
R 9 500,000 ohm, variable C 8 0.1 mf., 450 V., paper 
R 10 2,700 ohms, 1 W. C 9, 11, 12, 16 0.01 mf. 450 V., paper 
R11 100,000 ohm, % W. C 10 25 mf., 50 V., elect. 
R 12 25,000 ohm, 10 W. C 19, 20, 21 8 mf., 450 V., electrolytic 
(Dividohm) REC 1 2.5 mh., 100 ma. choke 

R 14 470 ohm, 1 W. L 1 35 turns, No. 26. 1.5 in. 
R 15 10,000 ohm, % W. length, 1 in. dia., tap 
R 16 100,000 ohm, % W. 7 turns up. 
R171 megohm, % W. L 2 60 turns, No. 26. 
T 1 350-0-350 V., 70 ma; 1.5 in. length, 1 in. dia. 

6.3 V., 3.5 amp. transformer L 35 Henry, 70 ma. choke 
S1 SPST Power switch L410 Henry, 70 ma. choke 
M 0-10 milliammeter F fuse 


SUMMARY 


A new heterodyne beat capacitance apparatus has been designed, 
the novel feature of which is the use of miniature tubes. The ac- 
euracy obtained through this design is equal to that obtained by 
previously described circuits. 
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Bile Flow and Blood Pressure of the Rabbit* 
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INTRODUCTION 


Pe eerreartan have been conducted in this laboratory in which the 
relationship of hemorrhage to bile flow and blood pressure in the 
rabbit have been studied. In an earlier publication the effects of hy- 
poxia, adrenaline, and a lowered environmental temperature on the 
bile flow of the rabbit were reported (1). Cook, Calvin, and Kaln 
(2) in a study of the cat in the bioassay of choleretic agents reported 
that no relationship was found between bile flow and mean arterial 
blood pressure. Hazleton (3) reports that there is a critical level of 
about 60 mm. of mercury of blood pressure that is necessary for the 
maintenance of biliary flow in the dog. 

Downman, Mackenzie and MeSwiney (4) studied the effects of 
acute hemorrhage on the peripheral pressure of unanesthetized rab- 
bits and rabbits anesthetized with urethane. Lightly anesthetized 
animals tolerated more hemorrhage with less decrease in blood pres- 
sure than heavily anesthetized animals. In general, hemorrhage 
equivalent to the extent of 26% of blood volume affected a sharp fatal 
decrease in blood pressure in the heavily anesthetized animal, whereas 
the lightly anesthetized animal withstood the same amount of hemor- 
rhage although blood pressure dropped considerably. 


EXPERIMENTAL 

Adult rabbits of both sexes were used in these experiments. In 
general the methods are the same as those described earlier (1). 
The rabbit was anesthetized with Nembutal. The trachea was cannu- 
lated and attached to the Starling respirator by means of which the 
animal breathed throughout the experiment. The bile duct was can- 
nulated with polyethylene tubing, and bile was collected during five- 
minute intervals. Blood of the desired volume, usually from eight 
to twenty cubic centimeters, was taken by cardiac puncture. In the 
blood pressure measurements the carotid artery of the animal was 


* This work received support from the University of Kentucky Research Fund. 


Transactions of the Kentucky Academy of Science, 16 (2): 49-52. May, 1955. 


a“ = eT 


———— 
—————————— 


50 James W. Archdeacon, Jack K. Giles and Bobby G. Richie 


cannulated and connected to a mercury manometer from which read- 
ings were taken. 


RESULTS 


In general, it has been observed that the rabbit can tolerate loss 
of about 10% of its blood volume without seriously affecting bile 
flow. The blood volume has been calculated on the assumption of 
total volume being 6% of body weight. In Table I are shown the 
results of an experiment in which approximately 10% of the blood 
volume of an animal was withdrawn by cardiac puncture. It may be 
seen that there was a slight decrease in bile volume but the flow 
was not seriously disturbed. However, a greater loss of blood was 
accompanied by a rather severe inhibition of bile production. In 
Table II are shown the data from an experiment with an animal in 
which approximately 15% of the blood volume was removed by 
cardiac puncture. The bile volume was decreased by about 50%. In 
another experiment, not shown, the removal of about 17% of the 
blood volume of a rabbit resulted in the bile volume being decreased 
about 80%. It seems then that this latter is about the critical level 
of loss of blood which will be tolerated by the rabbit for any support 
of bile production. 


TABLE I. BILE PRODUCTION WITH APPROXIMATELY 10% HEMORRHAGE 


Bile (cec.) 
Before Hemorrhage (1)* 1.05 
(2 .80 
(3) .85 
14 ce. blood taken by cardiac puncture (4) .56 
(5) 70 
(6) 70 


*Five-Minute Interval Measurement. 


TasLEe II. BILE PRoDUCTION WITH APPROXIMATELY 15% HEMORRHAGE 


Bile (cc.) 
Before Hemorrhage (GL) 1.30 
(2) 1.10 
(3) 1.05 
30 ec. blood taken by cardiac puncture (4) .00 
(5) 50 


*Five-Minute Interval Measurement. 


Bile Flow and Blood Pressure of the Rabbit 5 


An experiment was performed in which the blood pressure of an 
animal was recorded, as mentioned previously, when blood was with- 
drawn at several intervals. Twenty cubic centimeters, about 11% of 
the blood volume, were taken. The pressure which was at 99 mm. 
mereury dropped quickly to 61 mm. and then rose quickly back to 
99 mm. from which level it fell slowly to 79 mm. Then an additional 
twelve cubic centimeters, about 7% of the original blood volume, 
were taken and the pressure fell quickly to 59 mm. It then rose to 67 
mm. An additional ten cubic centimeters about 10% of the original 
blood volume, were taken and the pressure dropped to 10 mm. This 
experiment indicates that the rabbit can tolerate about 11% loss of its 
blood volume without immediate drastic effects but that further loss 
seriously handicaps the circulation to maintain adequate pressure. 
Apparently bile production begins to be inhibited as the blood pres- 
sure is lowered by hemorrhage. 

Blood pressure was measured concurrently with bile production 
in an experiment the data of which are shown in Table III. The bile 
duct and the carotid artery were cannulated and measurement was 
made of blood pressure while bile volume was being measured. It may 
be observed that as blood pressure fell slowly the bile production 
followed a similar pattern. No blood was removed from this animal. 
The slow blood pressure drop resulted probably from the animal go- 
ing into a deeper anesthetic state. This correlates with Downman, 
Mackenzie and MeSwiney’s study (4). The present data indicate 
that an adequate bile flow in the rabbit depends on a sustained level 
of blood pressure. 


TABLE III. CoNCURRENT BILE PRODUCTION AND BLOOD PRESSURE MEASUREMENTS 


Blood Pressure (mm. Hg.) Bile (ce.) 
92 
(Ds. ee eee 86 ae 
(OD). og he a 84 .70 
(Dc.g a eee 83 60 
(AD) 5 ice es eee 79 50 
(ab Ses rae 76 50 


*Five-Minute Interval Measurement. 
SUMMARY 


Experiments were conducted with rabbits in which bile flow was 
related to hemorrhage and blood pressure. Blood was taken by cardiac 
puncture and blood pressure was measured directly. The evidence 
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obtained in this study indicates that in the rabbit: bile production 
follows closely systemic blood pressure. This animal does not seem 
to be able to tolerate a blood loss exceeding about one-fifth of its 
blood volume without detriment to liver function as measured by bile 
synthesis. Simultaneously with this blood loss there is a eritical drop 
in blood pressure which may be fatal. Apparently bile production is 
highly dependent on an adequate arterial blood pressure in the rabbit. 
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Occurrence of the Lamprey Ichthyomyzon greeleyi 
Hubbs and Trautman in Kentucky 


WiuuiAm M. Cuay AND ErRNEst A. LACHNER 


Department of Biology, University of Louisville, Louisville 8, 
Kentucky, and Division of Fishes, U. S. National Museum, 
Washington 25, D. C. 


= 
Ae four non-parasitic species of the lamprey genus Ichthyomyzon 
are distributed in a pattern which more or less surrounds Kentucky. 
None of these forms has previously been reported from Kentucky 
and collections from this state, partly bridging this gap, should be of 
inherent interest in showing any possible intergradation among the 
species and whether their true ranges are entirely allopatric and 
discontinuous. 

Four specimens of Ichthyomyzon greeleyr Hubbs and Trautman, 
U. S. National Museum 163022, were collected in Russel Creek, a 
tributary of Green River, 1 mile southeast of Columbia, on Kentucky 
80, in Adair County, Kentucky, on April 25, 1952, by Ernest A. 
Lachner, William T. Leapley and Frank J. Schwartz. 

Diagnostic data on these specimens and a comparison with data 
on four non-parasitic species are presented in Table I. The Kentucky 
specimens agree quite closely with Ichthyomyzon greeleyi Hubbs and 
Trautman and differ in one or more significant characters from each 
of the others. They differ from Ichthyomyzon hubbsi Raney in the 
presence of a corneous layer and denticulations on the transverse 
lingual lamina and in having a higher anterior dorsal fin, and from 
Ichthyomyzon gaget Hubbs and Trautman in the cornified, denticu- 
late, and perhaps more bilobed lingual lamina. They differ from 
Ichthyomyzon fossor Reighard and Cummins in several respects: the 
transverse lingual lamina is apparently less strongly bilobed and 
somewhat more cornified and more denticulate than in most speci- 
mens of fossor, the number of trunk myomeres is greater, the number 
of supraoral cusps is three rather than two, and bicuspid cireumorals 
are present (seven or eight in number) rather than absent. The last 
difference probably is the most significant. 

I. gaget, the Southern Brook Lamprey, has been reported from 
several localities ranging from western Florida and Georgia through 
Alabama and Louisiana to eastern Texas and eastern Oklahoma 
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TABLE [| 


SuMMARY COMPARISON OF THE NON-ParRAsiTIC SPECIES OF Ichthyomyzon WITH 
Four Specimens (U. S. Nat. Mus. 163022) rrom THE GREEN RIVER 
DRAINAGE OF KENTUCKY* 


Characteristic I. fossor I. gagei I. hubbsi T. greelyi Ky. specimens 
Transverse lingual lamina 
Shape Strongly Linear to Moderately Moderately to | Moderately 
bilobed weakly bilobed strongly bilobed 
bilobed bilobed 
Cornification Lacking or Slight or Weak More or less Present 
weak none strong 
Denticulations usually Lacking or Absent Absent or Few, long and | Distinct but 
numerous weak slender small 
Myomeres in trunk 47-56 (50.9) 48-59 (53.7) 50-55 (57.2) 55-61 (57.9) 56-58 (57.5) 
Length of dise (in thou- 36-49 (41) 25-74 (46.7) 39-45 (46) 43-65 (53) 41-52 (47.6) 
sandths of total length) 
Supraoral cusps 1-2 (2.0) 1-5 (2.7) 2-3 (2.26) 2-4 (2.8) 3 (3.0) 
Infraoral cusps 6-11 (8.7) 7-12 (8.6) 7-11 (9.52) 7-12 (9.4) 7-10 (9.25) 
Bicuspid circumorals 0-0 (0.0) 0-10 (5.7) 5-10 (7.7) 7-11 (8.4) 7-8 (7.75) 
Height of anterior dorsal fin Greater Greater Less Much greater | Greater 
compared with eye-nostril 
distance 
Total length (in mm.) 94-146 (119) 80-166 (115.8) | 102.7-150.0 105-161 115-128 (122) 
(127.1) 


*Data on fossor and greelyi are mostly from Hubbs and Trautman (1937), on hubbsi from Raney (1952); information 
on gagei is compiled from Bailey (1947), Dendy and Scott (1953), Hall and Moore (1954), Hubbs and Trautman (1937), 
and Knapp (1951). 
(Bailey, 1947; Dendy and Scott, 1953; Hall and Moore, 1954; and 
Hubbs and Trautman, 1937). J. hubbsi, the Tennessee Brook Lam- 
prey, is known from the upper Tennessee River system of North 
Carolina and Georgia (Raney, 1952). J. fossor, the Northern Brook 
Lamprey, occurs in the Great Lakes drainage from New York to 
Ontario and Michigan and in the Mississippi River drainage of Wis- 
consin (Hubbs and Lagler, 1947) and northern Indiana (Leach, 1940). 
The recorded range of J. greeleyi, the Allegheny Brook Lamprey, is 
within the upper Ohio River system of western Pennsylvania and 
eastern Ohio (Hubbs and Trautman, 1937). The present record ex- 
tends the known range of J. greeleyi approximately 400 miles, from 
the upper Ohio to the Green River drainage in the lower Ohio River 
system. 
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We are grateful to Dr. Milton B. Trautman who kindly examined the 
specimens and confirmed the identification. This report is a result of Federal 
Aid Project F-7-R of the Fish and Wildlife Service, Department of the 
Interior, and the Kentucky Department of Fish and Wildlife Resources. 
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News and Notes 
CALENDAR OF SCIENTIFIC MEETINGS 


(Notice of future meetings of any scientific organization, whether af- 
filiated with the Kentucky Academy of Science or not, may be inserted in © 
this column, provided that (a) the meeting place is in Kentucky or an ad- 
jacent state, (b) the meeting is of state-wide rather than of only local 
interest, and (c) proper advance notification is forwarded to the TRANs- 
actions. It is desirable to include the name and address of an individual 
from whom additional information may be secured.) 

October 4 and 5, 1955. Kentucky Academy of Science, Forty-first Annual 
Meeting. Kentucky State College, Frankfort, Kentucky. 

November 1955. Kentucky Society of Natural History, 15th Annual 
Competition of Nature Photography. (Address Box 81, University of 
Louisville. ) 


Tue 1955 Sprina Meerine of the Academy was held at Cumberland Falls 
State Park on April 29 and 30. A report on the meeting will appear in a 
later issue of the Transactions. 


A successful Annual Meeting in October will be assured if members will 
plan now to attend and to contribute to the program. The secretaries of the 
Sections will be pleased to have early notification of papers to be given. 


THE UNIVERSITY OF LOUISVILLE CHAPTER OF SIGMA XI was installed May 
20, 1955. The installation ceremonies were conducted by Dr. Joseph W. 
Barker, president of the Society of the Sigma Xi. 


CHANGES IN THE MEMBERSHIP LIST 
NEW SUSTAINING MEMBERS 


CANTRELL, WILLIAM F., Pharmacology Dept., University of Louisville, Louisville, 
Ky. Biol. 

KENTUCKY STATE COLLEGE, Frankfort, Ky. 

Mites, Puit M., 229 Barrow Rd., Lexington, Ky. 

SANDERS, Mrs. ELLEN A., Montreat College, Montreat, N. C. Biol. 


NEW REGULAR MEMBERS 
SistER ELLEN JANE, Nazareth College, Nazareth, Ky. Biol. 
McCoy, THomAs N., Science Dept., Bethel College, Hopkinsville, Ky. 
OSBORNE, VicTor G., 343 E. College St., Georgetown, Ky. Biol. 
SonesTER, Curtis L., 116 Brooks St., Elizabethtown, Ky. Biol. 
Stumso, Precey D., Botany Dept., University of Kentucky, Lexington, Ky. Biol. 


DECEASED 
ALLEN, W. R., Zoology Dept., University of Kentucky, Lexington, Ky. 


INSTRUCTIONS FOR CONTRIBUTORS 


_ The TRANSACTIONS OF THE KENTUCKY ACADEMY OF SCIENCE is a medium of 
_ publication for original investigations in science. Also as the official organ of tie 
Kentucky Academy of Science, news and announcements of interest to the mem- 
_ bership are published therein. These include programs of meetings, titles, abstracts 
_ of papers presented at meetings, and condensations of reports by the Academy’s 
officers and committees. 
J Papers may be submitted at any time to the editor or one of the associate 
» editors. Each manuscript will be reviewed by one or more persons qualified in the 
» field in addition to the editors before it is accepted for publication, and an attempt 
' will be made to publish papers in the order of their acceptance. Papers are ac- 
cepted for publication with the understanding that they are not to be submitted 
_ for original publication elsewhere, and that any additional printing shall be at a 
- jJater date and shall be designated in an appropriate credit line as a reprint from 
_ the TRANSACTIONS OF THE KENTUCKY ACADEMY OF SCIENCE. 
Manuscripts should be typed, double-spaced, with wide margins, on paper of 
' good stock. The original and one carbon copy should be submitted, and the author 
: { should retain one additional carbon copy. It is desirable that the ‘author have his 
_ colleagues read the manuscript for clarity of expression and typographical or other 
errors. 
*: Titles must be clear and concise, and provide for precise cataloging. Textual 
- material should be in clear, brief, condensed form. Footnotes should be avoided. 
_ Qables and illustrations are expensive and should be included only to give effective 
_ presentation of the data. Articles with an excessive number of tables or illustra- 
tions, or with poorly executed tables or illustrations, may be returned to the author 
for modification. 
a Line drawings will appear as teat-figures, while half-tones or other processes 
_ requiring paper inserts will appear as plates. Text-figures should be jet-black on 
white; shading may be indicated by stippling or lines but not by half-tone washes. 
_ Drafting should be carefully done (hand lettering generally is not satisfactory). 
_ Photographs for plates should have good contrast and be printed on glossy paper. 
_ Plates and text-figures are to be numbered consecutively and independently ; on the 
back of each its number and the author’s name should be written lightly in pencil. 
_ Each plate and text-figure must be referred to specifically in the text and must 
' be provided also with a legend, the latter to be supplied as typed copy separate 
from the figures. Figures should be arranged into groups whenever possible and 
_ the legend for each group written as a separate paragraph. The amount of reduc- 
- tion desired should be indicated and should be consistent with the page dimensions of 
_ this journal. Indications of magnification should apply to the reduced figure. 
The aim of the paper should be made clear in the introductory portion. If the 
paper is of more than a few pages it should contain a brief ‘‘Summary,’’ which 
should be lucid without recourse to the rest of the article. In the interest of biblio- 
_ graphie uniformity, arrange all references under a ‘‘Literature Cited’’ heading, 
in either of two sequences: (a) alphabetically by author and date, unnumbered, with 
_ textual citation by parenthetic insertion of author and date, as (Jones, 1940), or (b) 
numbered in the sequence in which textual citation by numbers is made, as (1), 
(2), ete. Use initials for given names. Titles of books must be included, but 
_ those of articles in a serial may be omitted at the author’s discretion. Abbreviate 
names of journals, using the form employed by Chemical Abstracts or Biological 
_ Abstracts. Separate the volume number from page numbers by a colon. References 
ay to books should include also the place of publication and the publisher. 
be The author is responsible for correcting the galley proof. Extensive alterations 
_ from the original are expensive and must be avoided or paid for by the author. 
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On the Taxonomic Status of the Slimy 
Salamander, Plethodon glutinosus 
(Green), in Southeastern 


Kentucky 


WiuuiaAmM M. Cuay, Roperta BURCKHARDT CASE* AND 
RoBERT CUNNINGHAM** 


Department of Biology, University of Louisville, 
Louisville 8, Kentucky 


D URING the routine cataloging of herpetological material which had 
been collected by us on Big Black Mountain, Harlan County, Ken- 
tucky, some effort was made to determine whether any of the slimy 
salamander specimens were Plethodon kentucki Mittleman rather 
than the common P. glutinosus glutinosus (Green) to which we had 
referred them in the field in 1949 and 1950. The chance of P. ken- 
tucki being represented was supported by both morphological and 
geographical considerations inasmuch as the new form was reported 
by its describer (Mittleman, 1951) to have been previously confused 
with and to share the habitat of P. g. glutinosus, and since the local- 
ity of our specimens is within the limited range recorded for P. ken- 
tucky. In facet, two of the paratypes are from Big Black Mountain, 
Harlan County. 

A careful consideration of the characters discussed in the descrip- 
tion of the new form (Mittleman, loc. cit.) did not lead to a con- 
vineing conclusion. Fortunately, it was possible to examine the types 
and several of the paratypes of P. kentucki in the collection of the 
Cincinnati Society of Natural History, and when this had been done 
it seemed desirable to compare our material with series of P. gluti- 


* Present address: Saginaw, Michigan. 
** Present address: New York, N. Y. 
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nosus from a few additional localities. Accordingly, we examined 
specimens from other parts of Kentucky and from a few other states, 
as listed below. A few specimens of P. jordani Blatchley were ex- 
amined also. 

Most of the pertinent data are presented below, in summarized 
form, for their relevancy both to the problem immediately at hand 
and to the larger one of geographic variation in P. glutinosus. 


DATA 


The material examined included 285 specimens of P. glutinosus, 
17 of P. kentucki, and 12 of P. jordam, in the collections of the Cin- 
cinnati Society of Natural History (CSNH), University of Louis- 
ville (UL), and University of Michigan Museum of Zoology (UMMZ). 
For brevity the localities are designated only to state and county. 


P. glutinosus 


KENTUCKY: Bell Co.: CSNH 665A-B; Bullitt Co.: UL 3633-3639, 
3641-3661; Carter Co.: CSNH 995A-C, 1164; Fulton Co.: CSNH 2062A-K, 
UL 5202; Harlan Co.: CSNH 1521 (12), 1710 (3); UL 4626 (51), 4646- 
4648, 3611-3613, 3614 (2), 3615-3632; Henderson Co.: CSNH 1637A-B, 
UMMZ 60964 (7); Jefferson Co.: 3606-3610; Kenton Co.: CSNH 971A-H; 
LaRue Co.: UL 3662 (16); Laurel Co.: UMMZ 81184 (11); Madison Co.: 
CSNH 1902A-B; Pike Co.: CSNH 59 (19), 61 (9). NEW YORK: Dela- 
ware Co.: UMMZ 78861 (5); Steuben Co.: UMMZ 82051 (2). NORTH 
CAROLINA: Avery Co.: CSNH 750, 752, 756, 757, 760; Haywood Co.: 
UMMZ 100759; Transylvania Co.: UMMZ 100785 (2), 100786, 100788 (8), 
100790, 100793 (5), 100795 (5), 100799. OHIO: Clermont Co.: CSNH 
2292 (2). PENNSYLVANIA: Westmoreland Co.: UMMZ 72288 (12). 
TENNESSEE: Hamilton Co.: UMMZ 77368 (4). VIRGINIA: Allegheny- 
Rockbridge Co. line: UMMZ 78189 (9), 78190 (2). 


P. kentucka 


KENTUCKY: Harlan Co.: CSNH 1521 C, H, I, J, 1710 A, B, D-K; 
Pike Co.: CSNH 1675A-B. 


P. jordam 

NORTH CAROLINA: Great Smoky Mountains: CSNH 801A-H, 
817 A-D. 

On most of the specimens examined the following data were 
taken: snout-vent distance (to posterior angle of vent), total length, 
snout-gular distance, length of each leg, axilla-groin distance, num- 
ber of coastal grooves, and sex. Notes on coloration were made on 
a majority of the specimens and in no case was color disregarded. 
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Vomerine tooth counts were taken on specimens from representative 
localities. 

The snout-vent measurements of 198 specimens from several 
localities are summarized in fig. 1. The 15 specimens indicated as 
open squares in fig. 1D are in the same series (C.S.N.H. 1521, 1675 
and 1710) as the holotype, allotype, and paratypes of P. kentuckz. 
Therefore, they are either topotypes or representatives of a different 
species. 

The relative leg length was determined by dividing the axilla- 
groin distance into the sum of the average fore leg and hind leg 
length. This method of determining relative leg-to-body length was 
found to be more precise than that of appressing the legs and measur- 
ing the overlap or gap in units of coastal grooves. Fig. 2 summarizes 
these measurements for the specimens represented by fig. 1. 

The number of vomerine teeth was determined in about 170 speci- 
mens of P. glutinosus from Mississippi, North Carolina, Pennsylvania, 
and Virginia, and from several counties in Kentucky, and for 9 
specimens of P. jordan. Table I summarizes these data for 156 


TABLE I. VOMERINE TooTH Counts IN Plethodon glutinosus AND P. jordani 


Snout-vent 


distance 30 - 49 mm. 50 - 69 mm. 70 - 89 mm. 
P. glutinosus R&N M V R&N M V R&N M V 
Ky., Harlan Co. .} 13-22 18.2+1.2 17.044.5 | 17-26 20.740.5 13.3841.7 | 19-24 22.24+1.0 9.84+3.1 
/ $1 6 
Wirginia.2 << =< 18-25 22.041.5 14.4+5.1 | 23-26 24.740.9 6.24+2.6 
4 8 
Pennsylvania. ... 17-22 20.041.5 13.84+5.4 | 17-21 19.0 
8 2 
North Carolina*,.| 15-19 17.8+0.8 10.14+3.2 | 16-23 19.5+0.7 12.342.8 | 16-22 19.4+0.7 10.94+2.3 
6 10 11 
Ky., Laurel Co...) 12-14 13.8+0.7 8.4+3.4 | 16-25 19.141.6 21.24+5.7 
8 7 
Ky., Jefferson, 
Bullitt & La- 
Rue Counties..| 24 12-24 19.0+0.9 15.743.2 | 16-29 21.24+1.5 22.9+5.1 
1 12 10 
Ky., Kenton Co.. 14-18 16.8+1.0 10.7+4.8 
4 
Mississippi. .... . 9-19 15.0+0.6 17.742.6 | 18-19 16.4+0.6 13.5+2.5 
24 14 
Summary........| 9-24 16.0+0.5 19.8+2.2 | 12-26 19.83+0.4 20.1+1.6 | 16-29 21.040.7 17.042.2 
40 85 $1 
P.jordani....... 14-22 17.34+1.2 19.0+4.4 
9 


*Also, 1 specimen, 92 mm., 27 teeth. 
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SNOUT—VENT DISTANCE (MM) 


Fic. 1. Histogram showing size (snout-vent distance) frequency in popula- 
tions of Plethodon glutinosus from various localities. Size in mm., by size classes 
as indicated. 

1A. North Carolina: Transylvania, Avery and Haywood counties. 


1B. Kentucky: Jefferson (solid squares) and Bullitt (open squares) coun- 
ties. 
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specimens of P. glutinosus (a few scattered individuals and small 
series are omitted) and the specimens of P. jordani. 

All specimens of P. glutinosus studied had the coloration pattern 
usual for the species: blackish, especially dorsally, with numerous 
small white dots or flecks. Living specimens from Harlan, Jefferson 
and Bullitt counties, Kentucky, showed no markings which were not 
present in preserved material. The P. kentucki could not be sep- 


arated by color from P. glutinosus. The cheeks, chin, throat, and 
breast of P. glutinosus frequently are somewhat lighter than the rest 


of the body. We compared these areas with the dorsum and at- 
tempted to record color differences by use of an arbitrary scale of 
five units. No pronounced differences between the respective series 
were apparent when specimens of nearly equal size were compared, 
but smaller specimens almost invariably had lghter throats and 
breasts than larger specimens in the same series. When specimens 
were grouped on the basis of similarity of coloration the groups 
did not correspond significantly to localities. 


DiscussION 


The first point at issue is whether the slimy salamanders of the 
Big Black Mountain and Pine Mountain area represent only one or 
more than one species. The data at hand seem unquestionably to 
indicate that all the specimens studied are of the same species, since 
there is no apparent evidence of a cleavage into two populations on 
the basis of size, coloration, relative leg length, or number of vome- 
rine teeth. 

The second question is whether this population is distinct from 
P. jordan and P. glutinosus. Mittleman (loc. cit.) regarded P. ken- 
tucki to be allied to the jordani group. Schmidt (1953: 37) in the 
Check List reduced kentucki to subspecific status under jordani, and 
Barbour (1953: 13) used the same trinomen. Nevertheless, this as- 
sumed relationship to P. jordani is not apparent to us, either in pre- 
served or living material. 

The similarity to P. glutinosus, on the other hand, is impressive. 
P. kentucki is reported by Mittleman (op. cit.: 107-8) to differ from 


10. Kentucky, southeastern: Big Black and Pine mountains; in collection of 
the University of Louisville. 

1D. Kentucky, southeastern: Big Black and Pine mountains; in collection of 
the Cincinnati Society of Natural History. Solid squares are paratypes of P. 
kentucki, open squares are other specimens in same series. 

1E. Mississippi: Pike County. 
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Fie. 2. Graphs showing linear regression of relative leg length on snout- 
vent distance in populations of Plethodon glutinosus. Regression lines fitted 
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P. g. glutinosus in having smaller size, longer legs, and lighter throat, 
breast and cheeks. The appressed toes of P. kentucki are ‘‘almost in- 
variably overlapping, while in [P. g. glutinosus| they are separated 
by one and a half or more costal spaces.’’ As noted above, smaller 
specimens of P. glutinosus are lighter anterioventrally than are larger 
specimens. Relative leg length is also partly a function of size, as 
is shown by figure 2, and is of limited value as a key character when 
employed without regard to size. The relative leg length in the para- 
type series (fig. 2B) is not greater in relation to snout-vent distance 
than in the other specimens of the same series (fig. 2C) or those 
from Big Black Mountain in the University of Louisville collection 
(fig. 2A). When allowance is made for the small size of the samples 
and for lack of precision in measuring this type of biological ma- 
terial, the regression slopes and intercepts of these three series do 
not seem to differ significantly. There appears to be no evidence 
that the material is drawn from two species. 

To investigate further whether this population is conspecific with 
P. glutinosus it may be compared with specimens of this species from 
other localities. In snout-vent distance the Harlan County specimens 
agree rather well with P. glutinosus from Mississippi but they are 
smaller than the North Carolina and Bullitt County, Kentucky, speci- 
mens (fig. 1). In relative leg length almost the converse obtains: 
the southeastern Kentucky specimens resemble least those from Mis- 
sissippi and are most like those from North Carolina. In all three 
series from southeastern Kentucky and in the North Carolina series 
the axilla-groin distance equals or exceeds the sum of the hind leg 
and fore leg length (i.e., the toes of appressed limbs do not overlap) 
in most individuals having a snout-vent measurement greater than 


by method of least squares. For method of determining relative leg length 
see text. The toes of adpressed limbs overlap, touch without overlap, and do 
not touch when the relative leg length is > 1.00, 1.00, and < 1.00, respectively. 
Broken lines indicate the size (snout-vent measurement) at which the regression 
intercept is unity. 

2A. Kentucky: Big Black Mountain, Harlan County. Specimens in the col- 
lection of the University of Louisville. Y= 1.42 — 0.00597X. 

2B. Paratypes of P. kentucki. Y= 1.46 — 0.00696X. 

2C. Kentucky, southeastern: Big Black and Pine mountains. Specimens in 
collection of the Cincinnati Society of Natural History, with same field data 
as B. Y—=1.58 — 0.00888X. 

2D. North Carolina: Transylvania and Haywood counties. 

Y = 1.49 — 0.00751X. 
2E. Kentucky: Bullitt County. Y= 1.35 — 0.0069X. 
2F. Mississippi: Pike County. Y — 1.27 — 0.00728X. 
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about 66 mm. (figs. 2A, 2B, 2C, and 2D), while this proportion is 
attained in Bullitt County specimens at about 54 mm. (fig. 2E) and 
in Mississippi specimens at about 40 mm. (fig. 2F). It is obvious that 
these characteristics are subject to geographic variation in P. gluti- 
nosus and that slimy salamanders of southeastern Kentucky are with- 
in the limits of variation found elsewhere. 

Despite smaller sample size, certain inferences regarding vomerine 
teeth (Table I) are probably warranted also. Firstly, these data are 
in accord with Pope and Pope’s (1949:254) finding that the number 
of vomerine teeth is greater, on the average, in individuals of larger 
size. Thus, in the three size groups of 30-49, 50-69, and 70-89 mm. 
snout-vent distance, the mean number of vomerine teeth is 16.0 + 0.5, 
19.8 + 0.4, and 21.0 + 0.7, respectively. The exceptions to the trend 
shown by the Pennsylvania and North Carolina specimens are minor 
and are due possibly to the small size of the samples. 

Secondly, there is some evidence of geographic variation in num- 
ber of vomerine teeth, with the Mississippi specimens having a lower 
number than most of the others. This is a further indication that 
this Coastal Plain population may differ significantly from most of 
the others which, it may be noted, are from localities within or ad- 
jacent to the Appalachian uplift. 

Thirdly, although the number of specimens of P. jordani is too 
small to constitute a reliable sample, it would appear that this species 
is not greatly different from P. glutinosus in number of vomerine 
teeth. In this connection it may be noted that the specimens of P. 
glutinosus from Harlan County have a vomerine tooth count more 
similar to that of other Kentucky specimens of P. glutinosus than to 
P. jordan. 

Polymorphism in P. glutinosus probably is favored by the low 
vagility of the animal and its isolated or semi-isolated populations, 
factors which retard gene flow and facilitate fixation and genetic 
drift. Disruptive selection pressure may be great in a species in- 
habiting a large area with varied topography, especially when the 
habitat niche is greatly influenced by edaphic and biotic factors. 
Finally, the genus, or a portion of it, may be of such recent origin 
as to have undergone only a period of evolutionary diversification 
and not yet one of reduction and stabilization. 

It is not unlikely that additional subspecies of P. glutinosus may 
be recognized ultimately and conceivably the Big Black Mountain 
population may typify one of them. But until it has been adequately 
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compared with the presently recognized subspecies and until reliable 
diagnostic differences are discovered and set forth, we feel that it 
should be regarded as one of the local populations of P. g. glutinosus. 


SUMMARY 


1. A limited investigation of geographic variation in Plethodon 
glutinosus (Green) was undertaken in order to determine the prob- 
able status of the slimy salamanders of extreme southeastern Ken- 
tucky. 

2. The material examined represents localities in other parts of 
Kentucky and in other states and consists of 290 specimens of P. 
glutinosus (including 93 from southeastern Kentucky), 17 specimens 
(types and paratypes) of P. kentucki, and 12 specimens of P. jor- 
dant. 

3. The principal characters studied are coloration, size, relative 
leg length, and number of vomerine teeth. 

4. It is concluded (a) that all the material from southeastern 
Kentucky is referable to P. g. glutinosus, and (b) that P. kentucki 
is at most a local population of P. g. glutinosus, in the synonymy of 
which it should be placed. 

5. Enough variation is indicated by this limited study to warrant 
further investigation of the polymorphic nature of this species. 
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Some Symmetrical Biphenolic Sulfoxides* 


CHARLES J. Korpics AND J. R. MEADow 
Department of Chemistry, University of Kentucky, Lexington, Kentucky 


Ly ATTEMPTING to prepare certain amino compounds with sulfoxy 
linkages for a study of their physiological properties, it was first 
necessary to make several symmetrical biphenolic sulfoxides as inter- 
mediates. This paper reports only the preparation of the sulfoxides 
and some of their derivatives. 

The sulfoxides were actually prepared by two different methods. 
The first procedure used was one similar to that of Smiles and Bain 
(1). These authors prepared bis-(4-hydroxyphenyl) sulfoxide from 
a mixture of phenol, thionyl chloride, and anhydrous aluminum 
chloride in CS, as a solvent at 0°C. The second method employed 
cumene hydroperoxide to oxidize the available biphenolic sulfides to 
the sulfoxides. 

Others who have used thionyl chloride for preparing some sul- 
foxides of this general type are Gazdar and Smiles (2), Smiles and 
Hilditch (3) and Gump and Vitucei (4). 

Shown in Table I are seven sulfoxides listed in the following 
order: (1) bis(3-methyl-4-hydroxyphenyl) sulfoxide; (2) bis(2- 
methyl-4-hydroxyphenyl) sulfoxide; (3) bis(2, 5-dimethyl-4-hydroxy- 
phenyl) sulfoxide; (4) bis(2-hydroxy-4, 5-dimethylphenyl) sulfoxide; 
(5) bis(2-methyl-4-hydroxy-5-isopropylphenyl) sulfoxide; (6) bis 
(2-methyl-4-hydroxy-5-tert-butylphenyl) sulfoxide; and (7) bis(2- 
phenyl-4-hydroxyphenyl) sulfoxide. These were made by the thionyl 
chloride method. 

The methoxy and ethoxy derivatives of these compounds are 
listed in Table II. They were prepared from the corresponding sul- 
foxy biphenol, methyl or ethyl iodide, and NaOH. 

Several biphenolic sulfides have been previously reported (7, 8, 9) 
whose formulas are correspondingly similar to those of the sulfoxides 
listed in Table I. Thus an alternative procedure can be employed 
for preparing these sulfoxides directly from the sulfides by the use 
of a specific, mild oxidizing agent, such as cumene hydroperoxide. 
This reagent in benzene or glacial acetic acid was used to oxidize six 


_ *A portion of the thesis submitted by OC. J. Korpics to the Graduate School, Univer- 
sity of Kentucky, in partial fulfillment of requirements for the M.S. degree. 
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TABLE I. Some SYMMETRICAL BIPHENOLIC SULFOXIDES FROM PHENOLS? 


Solvent | ANALYSIS FOR 
Melting | % Yield | for Re- SULFUR 


Phenol Used Sulfoxide Point, | of Sul- | crystal- |-——— 

Formula i Oh foxide | lization | Cale’d | Found 

(i)zo-Cresoli: G5... 2s... - C1,H1,0,8 188-9 67 AcOH | 12.22 | 12.35 

(2)ean-Cresolic: 4. o05 bes ae C14H1,03S 185-7 72 AcOH | 12.22 | 12.38 

(8) 2, 5-Dimethylphenol. .. .} C;sHis0;S 176-8 90 i-PrOH | 11.04 | 11.35 

(4) 3, 4-Dimethylphenol. . . .| CisHis038 190-1 82 CH;0OH | 11.04 | 11.17 

(5) Thymol Yaa ooo Nee ood ceD C2oH26038° 165-6 84 C.H;OH 9.25 9.39 
(6) 2-tert-Butyl-5- 

methylphenol?....... Cx2H39038 180-1 70 i-PrOH | 8.56 | 8.75 

(7) o-Phenylphenol......... C.4Hi30;8* | 197-9 88 CH;0H | 8.30] 8.41 


8 Using thiony] chloride method. bUncorrected. ¢ Cale’d: C, 69.36; H, 7.51. Found: C, 69 ee ; H, 7.63. 
4 Starting phenol obtained from Koppers Co. e Cale’d: C, 74.58; H, 4.69. Found: C, 74.60; H, 4.78. 


TABLE II. DIMETHYL AND DIETHYL ETHERS FROM BIPHENOLIC SULFOXIDES 
Type Formula: 


R R 
cHok \-s 0X oem 


Meruoxy SuLroxipE DrerIvaTIVEs Erxoxy Sutroxipg DrrtvaTIves 
Parent Phenol 4 
S Analysis > S Analysis > 
M.P., Formula M.P., Formula 
ACh Cale'd Found AOp Cale'd Found 

(1) o-Cresol....... Shins CaetitsOgs Til Pees. oe) eases 97-8 | CisH22038 10.07 10.25 
(2) m-Cresol...... SS-OaCigHasOsS) Hhoreens I) seccn 105-6 | CisH22038 10.07 10.32 
(3) 2, 5-Dimethyl- 

phenol...... 195-7 CisH2203S8e | 67.98(C)} 68.03(C)} 170-2 | C2oH2603S! | 69.42(C)}| 69.47(C) 
(4) 3, 4-Dimethyl- 

phenol...... 185-6 CisH22038 10.07 10.19 146-7 | C2oH2603S 9.26 9.35 
(b)eitbymol),. 2... 141-2 C22H30038e |70.65(C) |70.70(C) | 125-7 | C24H3403S* | 71.70(C)| 71.81(C) 
(6) 2-tert-Butyl- 

5-methyl- 

phenol...... 184-6 C24H34038 7.97 7.99 162-3 | C26H3s038 7.45 7.54 
(7) o-Phenyl- 

phenol...... 165-7: | Ca6H2204S8 7.45 7.31 127-8 | C2sH26038 7.25 7.31 

8 Used to prepare each of the biphenolic sulfoxides. b Except as indicated oes: ¢ Kolhatkar and 


Bakil reported a.m.p. of 87-87.5°(5). d Smiles and Le Rossignol reported a.n.p. of 83-4°(6). e Cale’d: H, 
6.97; found: H, 7.24. f Cale’d: H, 7.57; found: H, 7.73. & Cale’d: H, 8.09; found: H, 8.24. b Cale’d: H, 
8.53: found: H, 8.67. i Methoxy sulfoxide obtained as an oil; this was converted by H202 to a crystalline 
sulfone, m.p. 165-7°. 


of the available sulfides to the corresponding sulfoxides. Reduction 
of these sulfoxides ‘™ with zine dust produced the sulfide ™ again. 

Further oxidation of each of the sulfoxides, using 30% hydrogen 
peroxide in acetic acid (4), produced the corresponding sulfone. 
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R R R 0 R 


I I 


Four of these sulfones have been previously reported but were syn- 
thesized by different procedures (10, 11, 12, 18, 14, 15, 16). The 
sulfide-sulfoxide-sulfone relationships are summarized in Table III. 


TABLE III. SULFOXIDES AND SULFONES FROM CORRESPONDING BIPHENOLIC SULFIDES 


Result- SuLFonss? 
ing Sule | ee pies 
Biphenolic Sulfides foxides* Recrystal- S Analysis 
MERE a elvis yl VIPs lizing — 
SC: Oy EC: Solvent Cale’d | Found 
Bis (8-methyl-4-hydroxy- 
phenyl) sulfide (9)........ 107-8 187-9 | 270-1° ;CH;0H-H.O 
Bis (2-methyl-4-hydroxy- 
phenyl) sulfide (8)........ 143-5 183-5 | 205-6 |CH;0H-H.O | 11.52 | 11.57 
Bis (2, 5-dimethyl-4-hydroxy- 
phenyl) sulfide (7)........ 188-9 177-9 | 256-77 |CH,0H 10.47 | 10.43 
Bis (2-hydroxy-4, 5-dimethyl- 
phenyl) sulfide (7)........ 162-3 191-3 | 242-3° |Acetone 
CH;0H 10.47 | 10.46 


Bis (2-methyl-4-hydroxy-5- 
iso-propylphenyl) sulfide 
SO) eh a inepuen eae | 153-4 164-6 | 218-20'|CH;OH-H.O | 8.85 | 8.87 


tert-butylphenyl) sulfide...| 161-2 | 178-80} 250-1 |CH3,;0H-H.O | 8.21 | 8.25 
Sulfide from o-phenylphenol . Not 

Avail- 

able 197-9" | 247-8 |CH;OH-C.H.| 7.97 | 7.97 


4 From sulfides by oxidation with cumene hydroperoxide. b From sulfoxides with H202. The four sulfones 
previously recorded in the literature were not made by this method. e See ref. (10) (11) (12) (18). d Prepared 
by Zehenter with m.p. 254-5° (14). e Zehenter reported m.p. 244-5° (15). f Prepared by Tassinari, m.p. 
REDS & Obtained from Monsanto Chemical Co. h Sulfoxide prepared ty thionyl! chloride method 

‘able I). 


EXPERIMENTAL* 
Preparation of Bis(2-methyl-4-hydroxy-5-isopropylphenyl) sulfoxide 


A. THIoNYL CHLORIDE METHOD 
In a 1-liter filter flask, thymol (37.6 g., 0.25 mole) dissolved in 150 ml. 
of carbon disulfide, was cooled in an ice bath and anhydrous aluminum 
chloride (14.6 g., 0.11 mole) was added. From a separatory funnel thionyl 


* All melting points were taken with a Fisher-Johns apparatus, and are uncorrected. 
Sulfur analyses were carried out with a Parr bomb. Cumene hydroperoxide used in this 
work was furnished by the Hercules Powder Company. 
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chloride (13.1 g., 0.11 mole) in 30 ml. of carbon disulfide was gradually 
added with constant shaking over a one-hour period. Temperature of the 
mixture was kept below 5°C. The evolved hydrogen chloride was con- 
ducted into a suitable trap. As the reaction proceeded, purple crystalline 
flakes gradually separated from the mixture. In other preparations a tan 
or brown gummy mass separated at this point and the use of a mechanical 
stirrer was thus impractical. After standing three hours, the solvent was 
distilled off by means of an aspirator and the aluminum complex was slowly 
decomposed with 300 ml. of ice water. Traces of solvent were removed 
by steam distillation. The residue, a white powder, was filtered off and 
washed with water. After crystallization from ethyl alcohol, 36.5 g. (84%) 
of the sulfoxide melting at 162-5° was obtained. Recrystallization from 
ethyl alcohol produced a product melting with decomposition at 165-6°. 
(All of the sulfoxides in Table I, except No. 7, melted with decomposition.) 

Many of the sulfoxides were obtained in crystalline solvated forms from 
methyl, ethyl, and isopropyl alcohols; and possibly also from acetic acid. 
Compounds 2, 6, and 7 (Table I) apparently did not solvate to any great 
extent, as was indicated by only a slight or negligible weight loss on drying. 
All samples were carefully dried at 110° in vacuo by means of an Abder- 
halden apparatus until constant weight was obtained before any analytical 
determinations were made. Prolonged heating at 110° caused decompo- 
sition of the sulfoxides. This fact sometimes caused inconsistent results 
with melting points unless care was taken not to heat the compound too 
long before the melting temperature was reached. 


B. CUMENE HyDROPEROXIDE METHOD 

Bis (2-methyl-4-hydroxy-5-isopropylphenyl) sulfide (3.3 g., 0.01 mole) 
was dissolved in 25 ml. benzene and 71.3% cumene hydroperoxide (6.4 g., 
0.03 mole) was added. The mixture was refluxed for three hours, during 
which time most of the sulfoxide erystallized from the hot solution. The 
latter was cooled, and 3.07 g. (88.7%) of white erystals, m.p. 161-2.5° dece., 
were filtered off. Recrystallization from alcohol raised the m.p. to 165-6°. 
Other sulfoxides were prepared in a similar way; glacial acetic acid could 
also be used as a solvent and was desirable in some cases. 


Preparation of Bis(3-methyl-4-hydroxyphenyl) Sulfide 


This sulfide and others needed in this work were prepared by the method 
described by Meadow and Reid (7). A solution of o-cresol (54 g., 0.5 mole) 
in 480 ml. of CCl, was cooled to —15 or —20°C with Dry Ice and sulfur 
dichloride (25.8 g., 0.25 mole) in 85 ml. of carbon disulfide was added slow- 
ly over a two-hour period with stirring. Stirring was continued an addi- 
tional hour while allowing the flask to warm up to room temperature. A 
gray solid (28 g.) separated and was filtered off, then extracted with hot 
benzene. Large, amber colored crystals (23 g., or 37%), m.p. 102-5°, sep- 
arated from the benzene filtrate. Recrystallization from benzene sharpened 
the m.p. to 107-8°. Tassinari (9) reported 123-4° as the m.p. of a sub- 
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stance which he admitted was impure. However, oxidation of this sulfide, 
m.p. 107-8°, produced a sulfone, m.p. 270-1°, which agrees closely with 
that reported for this sulfone by Chattaway and Bell (10); also conver- 
sion of the sulfone to the diacetate produced a derivative melting at 133-5°. 
Chattaway and Bell reported the diacetate melting at 135°. 


Anal. Cale’d for C14H,4008: C, 68.27; H, 5.73; S, 13.02. 
Found: C, 68.48; H, 5.91; S, 12.87. 


Reduction of Bis(3-methyl-4-hydrozyphenyl) Sulfoxide 

In a 100 ml. flask with reflux condenser was placed a solution of 
bis (3-methyl-4-hydroxyphenyl) sulfoxide (prepared by method A or method 
B) in 35 ml. glacial acetic acid. Zine dust (2.0 g., 0.03 mole) was added, 
and the mixture was refluxed for twenty-four hours (2) and filtered while 
hot. The filtrate was poured into 500 ml. of cold water, and the solid 
which separated was filtered and washed. Recrystallization from benzene 
produced a 40% yield of the corresponding sulfide, m.p. 107-8°. Likewise, 
reduction of bis(2-methyl-4-hydroxy-5-isopropylphenyl) sulfoxide produced 
the sulfide melting at 153-4°. 


Oxidation of Sulfoxides with Hydrogen Peroxide 
Using the method of Gump and Vitueci (4) all of the sulfoxides men- 
tioned in Table III were oxidized directly to sulfones. Ordinarily, 0.01 
mole of the sulfoxide and 0.03 mole of 30% hydrogen peroxide were re- 
fluxed about four hours in 50 ml. of glacial acetic acid to produce the 
desired sulfone (about 35%). Analytical data are listed in Table ITI. 


Preparation of the Dimethyl and Diethyl Ethers of Sulfoxides 

The preparation of bis(2-methyl-4-methoxy-5-isopropylphenyl) sulfoxide 
is representative of the derivatives listed in Table II. A mixture of the 
sulfoxide (3.4 g., 0.01 mole), sodium hydroxide (2.0 g., 0.05 mole), and 
methyl iodide (7.1 g., 0.05 mole) in 45 ml. of methyl alcohol was refluxed 
two hours and then evaporated to about one-third of the original volume. 
Addition of 10 ml. of water produced erystals which were filtered off, 
washed with dilute sodium hydroxide, and recrystallized from ethyl alco- 
hol. Colorless crystals (3.4 g., 91%) melting at 141-2° were obtained. 
Results of analyses are given in Table II. 


SUMMARY 


A group of seven new hydroxyphenyl sulfoxides has been pre- 
pared by the action of thionyl chloride on the appropriate phenol 
in the presence of anhydrous aluminum chloride. As an alternate 
procedure, six of these sulfoxides were also prepared from the cor- 
responding sulfides by oxidation with cumene hydroperoxide. Fur- 
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ther oxidation of the sulfoxides yielded the sulfones. Twelve new 
methoxy and ethoxy derivatives of the sulfoxides are reported. 
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A Silver Salt Degradation Involving 
Rearrangement 


Wauter T. SmitH, Jr. AND JAMES T. SELLAS 


Department of Chemistry, University of Kentucky 
Lexington, Kentucky 


is STUDIES on the silver salt degradation of silver t-butylacetate (1), 
it was shown that the main product of the reaction was neopentyl 
bromide. This is taken as evidence that the reaction did not proceed 
by way of a carbonium ion since the neopentyl carbonium ion would 
be expected to rearrange to give 2-methyl-2-bromobutane as the main 
product of the reaction. The observed results were consistent with 
a free radical mechanism for the silver salt degradation. 

To study the mechanism of the degradation from another view- 
point, a degradation has been carried out on silver @-phenylisovale- 
rate. In this case, if the intermediate is a free radical, rearrange- 
ment should be observed. The free neophyl radical, which should 
be expected as an intermediate in this reaction, has been shown to 
partially rearrange when formed in other reactions (2, 3). 


CH; CHs 

I I 
CyH;—C-—CHz. : ==) CsHsCH2C $ 

I | 

CH; CHs; 


Thus, if the degradation of silver @-phenylisovalerate takes place as 
follows, 


CH; CHs 
I | 
CsH;C-—CH2CO2.Ag = CsH;C—CHe ; -- AgBr a CO.2 
I 


CH; CHs 


the free radical formed should at least partially rearrange. The 
product formed should then consist not of neophyl bromide, but of 
a mixture of neophyl bromide and a tertiary bromide. On the basis 
of the previous work with neophyl radicals, the tertiary bromide 
formed by rearrangement would presumably be 1-phenyl-2-bromo-2- 
methylpropane. 
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The above line of thought permits a further test of the theory 
that the silver salt degradation takes place by way of a free radical 
mechanism. The formation of tertiary bromide in the product would 
indicate rearrangement, and thus a free radical mechanism, while 
the formation of only primary bromide (neophyl bromide) would 
indicate that a free radical mechanism does not operate in the silver 
salt degradation. 

Silver 6-phenylisovalerate has been treated with bromine in carbon 
tetrachloride and the mixture of non-acidie products has been shown 
to contain tertiary bromide along with some primary or unrearranged 
bromide, and some olefin resulting from dehydrobromination of the 
tertiary bromide. 

When the products of the degradation were distilled under re- 
duced pressure there was evidence that decomposition was taking 
place. In order to minimize thermal decomposition or rearrange- 
ment, no further effort was expended in trying to separate the prod- 
ucts. Instead, the composition of the mixture of products was de- 
termined by various analytical procedures. All of the analytical re- 
sults are in harmony with what would be expected from a mixture 
containing about 28% tertiary bromide, 24% olefin arising from loss 
of hydrogen bromide from tertiary bromide, and 48% primary bro- 
mide (unrearranged neophyl bromide). It appears that the tertiary 
bromide formed in the reaction loses hydrogen bromide readily on 
distillation. 

From results of total bromine determination on the mixture ob- 
tained from the silver salt degradation, it can be calculated that the 
mixture contains 76.25% bromides (primary and tertiary combined). 
The carbon and hydrogen analyses are in agreement with the as- 
sumption that the remaining 23.75% of the mixture is 1-phenyl-2- 
methyl-l-propene. An unsaturation determination using iodine 
monochloride (4) gave values of 24.0 and 23.8% and thus confirms 
the value: calculated from the carbon, hydrogen and bromine deter- 
minations. 

The determination of tertiary bromide in the presence of primary 
bromide is based on the different rates of reaction of the two bro- 
mides with alcoholic sodium ethoxide. When the percent bromide 
hydrolyzed is plotted against time it is found that the reaction is 
very rapid in the first fifteen minutes and becomes much slower 
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thereafter. From the plot of this data it can be estimated that the 
mixture contains 28% tertiary bromide. 

From the data given above it must be concluded that the degra- 
dation does take place with rearrangement. These results constitute 
additional evidence for the free radical mechanism of the silver salt 
degradation. 


EXPERIMENTAL 


Silver 6-phenylisovalerate—A solution of 51 g. of @-phenylisovalerie acid in 
300 ml. of ethyl alcohol is made just alkaline to phenolphthalein by the addi- 
tion of dilute sodium hydroxide solution with vigorous stirring. The solu- 
tion is cooled to 10° and a solution of 29 g. of silver nitrate in 200 ml. of 
water also at 10° is added slowly with vigorous stirring. The precipitated 
silver salt is collected on a Buchner funnel, washed with distilled water, 
methanol, and petroleum ether (28-38°) and then immediately placed in a 
vacuum desiccator protected from light. After drying to constant weight 
the product weighs 82 g. (quantitative yield). 

Degradation of Silver 0-phenylisovalerate—The silver salt prepared above 
(82 ¢., 0.285 mole) is mixed with 1200 ml. of carbon tetrachloride and placed 
in a shaker overnight in order to get a homogeneous suspension. This sus- 
pension is then placed in a 2-1. round-bottomed flask equipped with ef- 
ficient stirrer, condenser and dropping funnel. The suspension is brought 
to reflux and 45.5 g. (0.285 mole) of bromide is added dropwise. The mix- 
ture is stirred and heated for an additional 30 minutes after addition of 
bromine is complete. The silver bromide is removed by filtration and 
washed with carbon tetrachloride. The combined filtrate and washing is 
washed until colorless with 10% sodium bicarbonate solution, dried, and 
distilled under reduced pressure to give 11 g. of combined bromides and 
olefin boiling at 87-91°/2 mm. This fraction was used in the subsequent 
analyses. A second fraction boiling at 91-100°/1 mm. weighed 5.1 g. The 
bicarbonate washings were acidified and extracted with ether to give 23 g. 
of recovered $-phenylisovaleric acid. If allowance is made for the recovered 
acid, the 11 g. of material boiling at 87-91°/2 mm. corresponds to a 33% 
yield of bromides. Since this contains some olefin resulting from dehydro- 
bromination of bromide the actual yield in the degradation is somewhat 
higher. 

The fraction boiling at 87-91°/2 mm. was analyzed in the following 
ways. Carbon 65.64%, hydrogen 6.75%. Assuming the presence of only 
carbon, hydrogen and bromine in the sample, the percent bromine as deter- 
mined by difference is 27.61%. A Parr bomb determination shows 28.60% 
bromine. From the carbon, hydrogen, and bromine analyses it can be eal- 
culated that the mixture consists of 76.25% bromides and 23.75% olefin. 
Determination of unsaturation by the iodine monochloride method (4) gave 
values of 24.0 and 23.8% olefin. 

To determine the amount of tertiary bromide in the mixture. three 
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weighed samples were allowed to stand at room temperature for varying 
lengths of time with excess 0.1035 N sodium ethoxide in ethanol. After 
periods of 15, 240, and 1440 minutes, the excess alkali was titrated with 
standard hydrochloric acid. The percent of bromide hydrolyzed at the end 
of each of these periods was 28.2%, 32.2%, and 37.1%. Fyrom a graph of 
this data it can be estimated that the tertiary bromide, which hydrolyzes 
rapidly, is present to the extent of about 28%. 


SUMMARY 


Silver @-phenylisovalerate has been degraded by treatment with 
bromine in carbon tetrachloride to give a mixture of primary bro- 
mide, tertiary bromide and olefin arising from dehydrobromination 
of tertiary bromide. The formation of the rearranged tertiary bro- 
mide is to be expected if an intermediate in the degradation is the 
neophyl free radical. 
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News and Notes 
CALENDAR OF SCIENTIFIC MEETINGS 


(Notice of future meetings of any scientific organization, whether af- 
filiated with the Kentucky Academy of Science or not, may be inserted in 
this column, provided that (a) the meeting place is in Kentucky or an ad- 
jacent state, (b) the meeting is of state-wide rather than of only local 
interest, and (c) proper advance notification is forwarded to the Trans- 
ACTIONS. It is desirable to include the name and address of an individual 
from whom additional information may be secured.) 

November 4 and 5, 1955. Kentucky Academy of Science, Forty-first 
Annual Meeting. Kentucky State College, Frankfort, Kentucky. 

November 10, 1955. Kentucky Society of Natural History, 15th An- 
nual Competition of Nature Photography. 8:00 p.m. Natural Science Build- 
ing, University of Louisville. (Address Box 81, University of Louisville.) 


A suecessful Annual Meeting in November will be assured if members will 
plan now to attend and to contribute to the program. The secretaries of the 
Sections will be pleased to have early notification of papers to be given. 


The cost of printing the paper by Harold C. Urey in the May issue of 
the TRANSACTIONS was covered by a grant from the University of Louisville 
to the Academy. 


CHANGES IN THE MEMBERSHIP LIST 


NEW ADDRESSES 


GOODLETTE, JOHN D., 1821 Lydonlea Way, Baltimore 14, Md. 
Sister ELLEN JANE, Nazareth College, Nazareth, Ky. Biol. 
THOMPSON, HERBERT H., Jr., Apt. 1, 2659 Walter Reed Dr., Arlington 6, Va. E'ng. 


Contributions to the NEws AND Notes column are earnestly solicited by the 
Editor. 
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INSTRUCTIONS FOR CONTRIBUTORS 


The TRANSACTIONS OF THE KENTUCKY ACADEMY OF SCIENCE is a medium of 
publication for original investigations in science. Also as the official organ of the 
Kentucky Academy of Science, news and announcements of interest to the mem- 
bership are published therein. These include programs of meetings, titles, abstracts 
of papers presented at meetings, and condensations of reports by the Academy’s 
officers and committees. 

Papers may be submitted at any time to the editor or one of the associate 
editors. Each manuscript will be reviewed by one or more persons qualified in the 
field in addition to the editors before it is accepted for publication, and an attempt 
will be made to publish papers in the order of their acceptance. Papers are ac- 
cepted for publication with the understanding that they are not to be submitted 
for original publication elsewhere, and that any additional printing shall be at a 
later date and shall be designated in an appropriate credit line as a reprint from 
the TRANSACTIONS OF THE KENTUCKY ACADEMY OF SCIENCE. 

Manuscripts should be typed, double-spaced, with wide margins, on paper of 
good stock. The original and one carbon copy should be submitted, and the author 
should retain one additional carbon copy. It is desirable that the author have his 
colleagues read the manuscript for clarity of expression and typographical or other 
errors. 

Titles must be clear and concise, and provide for precise cataloging. Textual 
material should be in clear, brief, condensed form. Footnotes should be avoided. 
Tables and illustrations are expensive and should be included only to give effective 
presentation of the data. Articles with an excessive number of tables or illustra- 
tions, or with poorly executed tables or illustrations, may be returned to the author 
for modification. 

Line drawings will appear as text-figures, while half-tones or other processes 
requiring paper inserts will appear as plates. Text-figures should be jet-black on 
white; shading may be indicated by stippling or lines but not by half-tone washes. 
Drafting should be carefully done (hand lettering generally is not satisfactory). 
Photographs for plates should have good contrast and be printed on glossy paper. 
Plates and text-figures are to be numbered consecutively and independently; on the 
back of each its number and the author’s name should be written lightly in pencil. 
Each plate and text-figure must be referred to specifically in the text and must 
be provided also with a legend, the latter to be supplied as typed copy separate 
from the figures. Figures should be arranged into groups whenever possible and 
the legend for each group written as a separate paragraph. The amount of reduc- 
tion desired should be indicated and should be consistent with the page dimensions of 
this journal. Indications of magnification should apply to the reduced figure. 

The aim of the paper should be made clear in the introductory portion. If the 
paper is of more than a few pages it should contain a brief ‘‘Summary,’’ which 
should be lucid without recourse to the rest of the article. In the interest of biblio- 
graphic uniformity, arrange all references under a ‘‘Literature Cited’’ heading, 
in either of two sequences: (a) alphabetically by author and date, unnumbered, with 
textual citation by parenthetic insertion of author and date, as (Jones, 1940), or (b) 
numbered in the sequence in which textual citation by numbers is made, as (1), 
(2), ete. Use initials for given names. Titles of books must be included, but 
those of articles in a serial may be omitted at the author’s discretion. Abbreviate 
names of journals, using the form employed by Chemical Abstracts or Biological 
Abstracts. Separate the volume number from page numbers by a colon. References 
to books should include also the place of publication and the publisher. 

The author is responsible for correcting the galley proof. Extensive alterations 
from the original are expensive and must be avoided or paid for by the author. 
Galley proofs must be returned promptly. Blanks for reprint orders will be sup- 
plied with the galley proof. 
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The President’s Report* 


For eight years I have been a member of the Executive Committee 
of the Kentucky Academy: 6 years as Treasurer, one year as President 
Elect, and this year as President. At the conclusion of this term of 
office I would like to record a few of my impressions of the Academy. 

According to the consitution the Academy has three objects: 


1. To encourage scientific research. Financially we encourage research 
only with the small sum that is received annually from the American Asso- 
ciation for the Advancement of Science. It is to be hoped, however, that our 
meetings and our publication of the TRANSACTIONS do something to stimulate 
interest in research. 

2. To promote the diffusion of scientific knowledge. The Academy pub- 
lishes quarterly, the TRANSACTIONS OF THE Kentucky ACADEMY OF SCIENCE. 
While it includes some notes on Academy affairs, it is primarily a scientific 
journal. Articles include those of general and specific scientific nature, espe- 
cially those which may have a particular interest within Kentucky. Articles 
published in it are abstracted in Biological Abstracts and Chemical Abstracts. 
It has practically a world-wide circulation to libraries. Dr. Clay has done an 
excellent job as Editor and I am proud of the Transactions. The great needs 
are for financial support and for the interest of different groups of scientists. 
Engineers, Chemists and Biologists are using the TRANSACTIONS as a means 
of publication. Why not Psychologists, Physicists, Mathematicians, Science 
Teachers, Geologists, Ornithologists, Astronomers, Archaeologists and others? 


Our two meetings per year also serve to diffuse scientific knowl- 
edge. In our Spring Meeting which is popular in nature and our Fall 
Meeting which is somewhat more technical we have, perhaps, as varied 
a program as our present membership can support. A larger and more 
varied membership could mean a better program. 

3. To unify the scientific interests of the Commonwealth of Kentucky. 
These scientific interests would appear to include: The Universities and Col- 


leges of the State; the secondary schools; departments in the State Govern- 
ment that have scientific or industrial interests; professional scientists such 


* Given at Forty-first Annual Meeting, November 5, 1955. 
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as Physicians and Engineers; and amateur scientists such as those interested 
in Astronomy, Ornithology or Archaeology; and Industry. 


Here the Academy appears to be falling far short of its goal. In 
the State we have many small organizations with comparatively nar- 
row interests and many individuals with scientific interest who belong 
to no organization. 

I would like to express a few firm convictions: 


a. We have many problems with which we are all concerned. May I give 
a few examples: (1) The training of an adequate group of young scientists. 
Probably our most important activity is our Junior Academy. The governing 
committee with Mr. Boyer as chairman, is doing an excellent job and the 
Junior Academy is growing, but it needs financial support and help to extend 
the Academy throughout the State. The National Science Fair program, 
sponsored by the Oak Ridge Institute, is making repeated overtures to Ken- 
tucky. The program is good but it appears to me to be more restricted in 
outlook and more expensive in proportion to the benefits obtained from it 
than our Junior Academy program. The Academy would be glad to have 
assistance from the National Science Fair program but this program should 
not be allowed to supplant or cripple our own Junior Academy program. We 
must meet the challenge by improvement of our own program. (2) The con- 
servation of resources. For example, Kentucky has done nothing to conserve 
some of the finest archaeological resources in the United States. (3) The 
development of industrial resources. 

b. All the scientific organizations in Kentucky ean join together through 
the Academy to work on common problems without losing any of their indi- 
viduality. When the Academy revised its constitution it failed to adequately 
define the relationship of an affiliated organization to the Academy. This 
should be restudied at once. 

The Mathematicians and Geologists should come back to the Academy. 
Amateur science groups should be affiliated with the Academy. We invited 
members of a number of these organizations to the Spring Meeting at Cum- 
berland Falls and a goodly number came. The Kentucky Audubon Society 
of Lexington met with us. The Kentucky Ornithological Society will meet 
with us next Spring. Other amateur organizations include the Beckham Bird 
Club of Louisville, the Henderson Audubon Society, the Kentucky Society of 
Natural History, the Louisville Astronomical Society, the Kentucky Archaeo- 
logical Society with three chapters, and the Kentucky Chapter of the 
Archaeological Institute of America. We should have more members from the 
State Departments and from Industry. Science teachers from the secondary 
schools should be affiliated with the Academy. The national Science Teachers 
Association has about 35 members in Kentucky, only 4 of these being members 
of the Academy. Last August a State Science Education Workshop was held 
at the University. At that workshop a committee was appointed to set up a 
state organization of science teachers at all levels. Dr. William Owsley, one 
of our members, is chairman of that committee. We are interested in the 
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work of that organization and hope that it will affiliate with us even if they 
do not find it possible to hold their chief meeting at the time of our Fall 
Meeting. 

e. The Academy is essentially a State agency and should be supported in 
part by the State. A large percentage of State Academies are so supported. 
About two years ago we presented this viewpoint to Mr. Felix Joyner and 
others of the Department of Finance. We received a very favorable hearing 
and were referred to the Agricultural and Industrial Development Board. 
After a year of preliminary discussions we presented a formal request to this 
agency for a grant of $2,000.00 dollars per year for publication of the Trans- 
ACTIONS. This request was supported by letters from Dr. Boyd, then Presi- 
dent of the K.E.A., and from Dr. Butler, State Superintendent of Public 
Instruction, who pointed out the value of our Junior Academy program to 
the State. Mr. Joseph Taylor, Executive Secretary of the A. and I. D. Board 
has promised to bring the request before the Board. The new executive com- 
mittee of the Academy should take whatever steps are necessary to keep our 
request before the proper authorities. 

d. Kentucky industries will support the Academy program to a much 
greater extent if we will place our program before them. Some state support 
will help us to get support from industry. 

e. The Academy program is an important one for Kentucky. It is a 
practical program and can be accomplished if we will all work at it and if 
we are willing to forget petty jealousies and criticisms. The Academy is not 
for the benefit of any specifie institution in the State. It is not, as I have 
been told, run by and for the biologists. It is not for the scientists on the 
College and University level alone. It is, I hope, a democratic organization. 
If it is not, then let us get together and take it away from the rascals who 
are monopolizing it. 

—R. H. Weaver. 


The Volumetric Determination of Zine and Lead 
in Paint Pigments by the EDTA Method 


Sister Mary ADELINE O’LEARY AND SISTER VIRGINIA HEINES 
Nazareth College, Louisville, Kentucky 


lee NEED for a rapid, simple and accurate method for the volu- 
metric determination of the zine and lead ion in paint pigments has 
long been recognized. A new complexing agent, the disodium salt of 
diethyldiaminetetraacetate (EDTA), for most of the di- and trivalent 
metallic ions, is coming into wide use. The chelation and volumetric 
determination of zinc by this ligand has been described by Schwarzen- 
bach and coworkers (1-4). It is a relatively nonspecific one and zine 
must be separated from interfering metals or their interference 
masked. Zine can then be titrated directly with the EDTA reagent, 
using Eriochrome Black T as the indicator (pH 8-10). The color 
change is from wine to a clear blue. 

Kinnunen and workers (5-6) have presented several procedures 
for the separation of zine from interfering cations and anions before 
using the general method of Schwarzenbach. These include the free- 
ing of the metal by precipitation with hydrogen sulphide, redissolving 
the precipitate, and titrating with EDTA; and the extraction of zine 
thiocyanate complex with organic solvents prior to titration. A single 
extraction with methyl n-propyl ketone, was usually found to be suffi- 
cient to separate zine from the aqueous phase. Other solvents for 
quantitative extraction of the zine include methyl isopropyl ketone, 
methyl n-propyl] ketone, n-butyl phosphate, and an amy] alcohol- ether 
mixture. Flaschka and Huditz (7-8) have reported that zine can be 
directly titrated in zine white, lithopone and leaded zine oxide. The 
lead ion is held in solution with a tartrate ion to prevent the precipita- 
tion of lead hydroxide, and a sum titration for lead and zinc is made 
on an aliquot of the pigment solution. On a second aliquot zine is 
masked with potassium cyanide before titrating for the lead ion. 

The present investigation was made on paint pigments, (1) to 
compare the accuracy of the EDTA procedure with the classical potas- 
sium ferrocyanide method; (2) to work out the details for a rapid and 
accurate procedure in the determination of zinc and/or lead in the 
presence of each other; and, (38) to compare the sum titration method 
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for zine and lead with that of the back titration procedure. The back 
titration method is feasible as Flaschka (9-10) has shown that the 
addition of formaldehyde exerts a selective demasking effect by react- 
ing with the cyanide complex of zine. Paint pigments furnished by 
the Sherwin-Williams Company, Mineral Products Laboratory, Chi- 
cago, Illinois, were used in this study. 


EXPERIMENTAL 


Materials for EDTA Method. 


EDTA solution. 0.01m. Dissolve 3.722 grams of the disodium salt of 
ethylenediaminetetraacetate dihydrate in distilled water and dilute to one liter. 
Standardize against pure zine and pure lead metal. 

Buffer solution. Dissolve 54 grams of ammonium chloride and 350 ml. of 
concentrated aqueous ammonia in water and dilute to one liter. 

Eriochrome Black T. Grind one part of powder with 400 parts of pure 
sodium chloride to a fine powder, or make a solution (0.2% in alcohol) of the 
indicator. 

Potassium cyanide solution. A solution containing 200 grams of potassium 
cyanide per liter. 

Other reagents. Tartaric acid crystals; Dilute aqueous ammonia (1:3) ; 
formaldehyde (8%); methyl red indicator (0.02% in alcohol) ; deionized dis- 
tilled water; concentrated hydrochloric acid. 


1. CoMPARISON OF THE FERROCYANIDE METHOD WITH THE EDTA METHOD FOR 
DETERMINATION OF ZINC IN ZINC OXIDE AND LITHOPONE 


The pigment samples were brought into solution with concentrated hydro- 
chlorie acid with gentle warming, and diluted to mark in a volumetric flask. 
In preparation of the lithopone solution it is not necessary to filter off the 
insoluble barium sulfate. After the salt has settled to the bottom of the flask, 
aliquots of the clear solution may be pipetted off. The potassium ferrocyanide 
solution was standardized against pure zine metal and the ferrocyanide pro- 
cedure for zine determination given in any standard text was followed. Am- 
monium molybdate was used as the outside indicator. In the EDTA method, 
the paint solution was first neutralized with dilute ammonia, and to this were 
added, 30 ml. of buffer solution, a spatula tip of Eriochrome Black T indicator 
powder, and 25 ml. of water. The solution was at once titrated with the 
EDTA reagent to a clear blue. Results of this study are given in Table I 
and Table II.* 


2. DETERMINATION OF LEAD AND Zinc IN 35% LeapeD ZINC OXIDE BY THE 
EDTA ProcEDURE 
A. Back Titration Method. 
Determination of Lead. Pipet an aliquot of the pigment sample (10- 
15 ml.) into a 150 ml. beaker. Add a spatula of tartaric acid crystals, 2 drops 
of methy] red indicator, and neutralize with dilute aqueous ammonia. Add to 


Tile. Credit to Nora F. Yen for analytical aid. Present address: Loyola University, Chicago, 
oi 
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TABLE I. DETERMINATION OF ZINC IN ZINC OXIDE 


Ferrocyanide Method 


Zine Oxide Zine Oxide 
Sample Ferrocyanide* Zine Oxide % Found in % Theo. 
ing. ml. Found mg. Pigment (Approx.) 
205.13 16.24 202.19 98 .56 99.5 
205.13 16.37 203.80 99 .34 99.5 
205.13 16.45 204.80 99.83 99.5 
AVL AR eis ys amolecawec ace Ne ere 99.34 99.5 
EDTA Method 
Zine Oxide Zine Oxide 
Sample EDTAT Zine Oxide % Found in % Theo. 
mg. ml. Found mg. Pigment (Approx.) 
205.13 25.55 203 .89 99.39 99.5 
205.13 25.51 203 .57 99.23 99.5 
205.13 25.50 203 .57 99 .23 99.5 
PASC T AG tI Sian Ur anni aha tes 99.28 99.5 


*1 ml.=12.45 mg. ZnO (25 ml. sample). 
fl ml.=7.98 mg. ZnO - EDTA (0.098M) - 25 ml. sample used. 


this 10 ml. of buffer solution and from 2 to 5 ml. of potassium cyanide solu- 
tion. After adding the indicator powder, titrate at once with the EDTA 
reagent with constant stirring until the color changes from wine to a clear 
blue. (1 ml. 0.01 M EDTA = 2.0721 mg. Pb.) This titration is made from 
a microburet. 

Determination of Zine. As soon as the end point is reached in the deter- 
mination of lead, a dilute solution of formaldehyde is added slowly with con- 
stant stirring until the red color appears in the solution (zine is released from 
the cyanide complex), and the solution is let stand for the time it takes to fill 
and adjust the level in a macroburet. Titrate with the EDTA solution to a 
clear blue, slowly towards the end, as the end point is sharp. (1 ml. 0.01M 
EDTA = 0.8138 mg. ZnO.) 


B. Sum Titration Method 


Pipet an aliquot of the test sample into a beaker. Add a spatula tip of 
tartaric acid crystals, 2 drops of methyl red indicator, and neutralize to a 
yellow color with dilute aqueous ammonia. Then add 10 ml. of buffer solution, 
a spatula tip of Eriochrome Black T indicator, and at once titrate with the 
EDTA solution to a clear blue. This volume of EDTA represents the amount 
of zine and lead in the sample. To another aliquot of the paint sample add 
tartaric acid crystals, 2 drops of methyl red indicator, and neutralize to a yel- 
low color with dilute aqueous ammonia. Then add 10 ml. of buffer solution, 
2-5 ml. of potassium cyanide solution, a spatula tip of Eriochrome Black T 
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TaBLE II. DETERMINATION OF ZINC IN LITHOPONE 


Ferrocyanide Method 


Zine Sulfide Zine Sulfide 
Sample Ferrocyanide* Zine Sulfide Y, Found in % Theo. 
Ing. ml. Found mg. Pigment (Approx.) 
1.0492 20.40 303 .96 28.97 29.00 
1.0023 19.25 286.82 28.61 29.00 
1.0254 20.00 298 .00 29.07 29.00 
AV eTa pe mare ad Gat neko 28.88 29.00 
EDTA Method 
Zine Sulfide Zine Sulfide 
Sample EDTA+ Zine Sulfide % Found in % Theo. 
mg. ml. Found mg. Pigment (Approx.) 
0.2798 34.22 80.07 28.61 29.00 
0.2901 35.10 82.13 28.31 29.00 
0.2735 33.50 78.39 28 .66 29.00 
PA VOLAR Ok space ciate s OIE oe 28.52 29.00 
*1 ml.=14.90 m 


g. ZnS. 
f1 ml.=2.34 mg. ZnS - EDTA (0.0245M). 
TaBLE III. DETERMINATION OF ZING AND LEAD IN 35% LEADED ZING OXIDE 


ZnO Found Pb Found 
Sample EDTA ZnO Found | in Pigment EDTA Pb Found | in Pigment 
mg. ml. mg. % mg. mg. % 
i. SOE tas velar 8.34 (0.0095M) 6.45 65.02 1.19 2.34 23.59 
CL SUI Gc As a a re eee 11.32 8.75 64.87 1.64 3.22 23.95 
CAO A acct stave le 29.16 (0.011M) 26.10 65.18 4.21 14.04 23.96 
ME ASSO ST ota waciis-c ces 32.00 28.64 64.23 4.72 10.75 24.13 
Se" PiDe? + ea 14.63 13.09 64.71 2.12 4.83 23.87 
IA VOTARC Metre) avout ie eerie 64.80t SAVETARON A omy oe acer 23.90 


*Back Titration. tApprox. % ZnO given—65%. Approx. % Pb given—24%. 


indicator and titrate at once to a blue color with the EDTA solution. This 
volume of EDTA represents the volume used to assay the lead in the sample. 
Subtract this volume used for lead from the volume of EDTA required to 
determine the lead and zine and the difference shows the volume of EDTA 
necessary to determine the zinc. Comparison of the two methods are shown 
in Table ITI. 


{Sum Titration. 


CALCULATIONS 


As seen in Table III the sum titration and back titration methods are 
equally accurate, but the latter takes less time and solution. For the sum 
titration, one aliquot is used for zine and lead assay, and another aliquot for 
lead only. In calculating the per cent of basic lead sulfate in the sample, it 
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is not possible to use a factor in converting the lead to basic lead sulfate. 
Basic lead sulfate pigments of commerce, whether manufactured as such or 
in conjunction with leaded zine oxide, does not have a constant composition. 
It is actually a combination of normal lead sulfate and monobasic lead sulfate 
but the proportion may vary from lot to lot. For example, in 35% leaded 
zine, there is an approximate zine oxide content of 65% and a basic lead 
sulfate of 35%, but an actual lead content of 24-26%.{ Close agreement of 
this lot is shown in the data of Table III. 


SAMPLE CALCULATION 
1. ml. 0.01M EDTA x 0.8138 x 100% = % ZnO 


Sample 

2. ml. 0.01M EDTA x 0.9744 x 100% = % ZnS 
Sample 

3. ml.0.01M EDTA x 2.0721 x 100% = % Pb 
Sample 


SUMMARY 


1. The EDTA method is as accurate as the Ferrocyanide Method 
for the assay of zinc in the presence of lead in paint pigments. Tar- 
taric acid ion holds the lead in solution and potassium cyanide com- 
plexes the zinc. Eriochrome Black T indicator is used. 

2. The back titration procedure for zine and lead saves time and 
solution. Lead is first determined after addition of tartaric acid and 
then zine after addition of potassium cyanide. Formaldehyde is added 
to release the zine ion and titration can be made at once on the same 
solution used to determine the lead. In the sum titration method one 
aliquot is assayed for lead and zinc, and a second sample is required 
for determining lead only. However, both methods are equally ac- 
curate. 
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Stability of Nitroparaffin Mannich Bases 


Grapus L. SHOEMAKER AND RoBert W. KEOWN 
Department of Chemistry, University of Louisville, 
Louisville 8, Kentucky 


Poe STABILITY of the Mannich bases obtained from nitroparaffins has 
been examined as a function of the basicity of the original amine. 
Previously Heath and Rose (1) had studied the addition of ammonia 
and aromatic amines to nitroalkenes as had Hurd and Patterson (2) 
the similar addition of hydroxylamine. Both have reported that the 
adducts were less stable when they contained the more basic amines. 
Conversely, as the basic strength of the amines decreased, the products 
were increasingly stable. 

A similar B-aminonitroalkane is formed by the Mannich reaction of 
a nitroparaffin, formaldehyde, and a secondary amine: 

RCH2NO2 + HCHO + R’2NH —> R’,NCH2CH(R)NOz 

However, the above correlation between base strength and stability 
eould no longer be noted by us in these compounds when secondary 
amines of varying basicity were used (see Table I). For example, 
1-piperidino-2-nitropropane containing the basic piperidine group 
(pK,2.80) was stable for 72 hours, but the somewhat less basic 1-diiso- 
propylamino-2-nitropropane (diisopropylamine pK,3.29) instead of 
being more stable showed much decomposition within 12 hours. When- 
ever 1-diisopropylamino-2-nitropropane was distilled, it always was 
contaminated with decomposition products during the latter stages of 
distillation. The amount of this decomposition was dependent upon 
the length of time that had elapsed between the preparation of the 
base and its distillation. 

One explanation for the variation in stability between the diisopro- 
pylamino and the piperidino compounds could be found in the steric 
effect of the bulky isopropyl groups. This effect had been noted pre- 
viously (3) in the alkylation of active methylene compounds with 
similar Mannich bases. It was shown there that the more bulky amines 
were displaced with greater ease in forming the unsaturated nitro- 
alkene intermediate, and thereby increased the rate of the alkylation 
reaction. 

Other comparisons from Table I show that the stability of the 
Mannich base also varies with the nitroalkane fragment. The diisopro- 
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pylamino-Mannich bases of nitromethane, nitroethane, 1-nitropropane, 
and 2-nitropropane show an increasing degree of stability, even though 
all contain the same amino group. The Mannich base obtained from 
nitromethane, although never isolated pure, is believed to exist for one 
or two hours at —20°; all attempts to isolate a pure product resulted 
in its rapid and complete decomposition. On the other hand the 
1-diisopropylamino-2-methyl-2-nitropropane, which cannot decompose 
by a simple reverse Michael reaction, was stable for several days at 
room temperature. 

The stability noted in Table I is purely qualitative, being based on 
the development of colors, and the presence of precipitates of the 
polymerized nitroalkenes. An attempt was made to follow the rate of 
this decomposition more accurately by measurement of the ultraviolet 
absorption of the liberated nitrodlefin. However, the nitrodlefins 
polymerized so rapidly in the presence of the free amine giving a 
product which lacked the necessary absorption spectrum, that the 
results were meaningless as an indication of the concentration of 
nitroolefin. 

The stability of B-aminonitroalkanes is therefore dependent not 
only on the basicity of the amine fragment, but also on the steric 
effects of the aminoalkyl groups, and upon the nature of the nitro- 
alkane itself. 

Acknowledgment: This work was supported in part by a Frederick 
Gardner Cottrell grant from the Research Corporation and also by a 


TABLE I. RELATIVE STABILITY OF G-AMINONITROALKANES 


pKb of Amine | Stability at Stability at 
Mannich Base | Employed* 20° C. —20°C. 
C;Hip)N-CH.C(NO,) (CHs3)> OAs cea arora Waele 2.80 Stable Stable 
CsHiopNCH,CH(NO,)CH3............ 2.80 72 hours Stable 
Et2.NCH;CH(NO.)CH.CH3........... 2.90 AZ SHOUES Mallen 
Et2.NCH(CH3)CH(NO,)CH3.......... 2.90 12 hoursien eee 
MesNCH.CH(NO.)CH.CH3.......... 3.29 Stable. aie eee 
re) PINT Cla OslaINO bos s Gelbian eG sew anse 3.28 Not stable 1-2 hours 
i-Pr.NCH.-CH(NO:2)CH3............- 3.28 12-20 hours 72 hours 
i-Pr.NCH.CH(NO.)CH.CH3.......... 3.28 72 hours Stable 
i-PraNCH.C(NO>)(CHs)o.........-.-- 3.28 4-5 days Stable 
H>NCH(CH;)CH(NO;)@H3.........- 4.76 AS MhOursiia, ete 
HONHCH(CH.CH3)CH.NO,......... 7.97 3 weeksit]7 |i) Lieeeriee 
CsH;NHCH(CH.CH3)CH.NO:....... 9.42 Stablet:: (4|) Aaeee 


(*) I. M. Kolthoff and V. A. Stenger,  Nolumettie Analysis,” 2nd Ed., es 1, Tateeentcne Publishers, Inc., New 
York, N. Y., 1942, p. 283. (ft) Ref.1. (t) Ref. (£) H. R. Snyder and W. E. Ha mlin, J. Am. Chem. Soc., 72, 5082 
(1950), reported that this compound is much fae stable than the diethylamino compound but gave no comparative 

ata 
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grant from the Research Committee of the College of Arts and 
Sciences. 


EXPERIMENTAL 


Preparation of the Nitro Mannich Bases: The Mannich bases studied were 
prepared by the method of Shoemaker and Keown (3), and purified by frac- 
tional distillation. Except for the following compounds, previously unre- 
ported, all Mannich bases used were checked against physical constants 
reported in the literature. 

Attempted Preparation of 1-Diisopropylamino-2-nitroethane: A solution 
of 25 g. of diisopropylamine and 7 g. of formaldehyde (40%) was stirred for 
one hour at 15°, cooled to 0°, added to 35 g. of nitromethane at 0° and al- 
lowed to react. After one hour the solution was extracted with ether, and the 
ether removed leaving a green oil. An attempt to distil this residual oil re- 
sulted in a rather violent decomposition. Another undistilled portion stored 
at 0° decomposed in a short time to a gummy mass. This mass was dissolved 
in alcohol and reprecipitated as a colored powder, which did not melt but 
decomposed at high temperatures. Presumably it was a polymer of nitro- 
ethene. 

Anal. Caled. for (C2H3NOz2),: N, 19.22. Found: N, 18.51. 

1-Diisopropylamino-2-nitro-2-methylpropane: A mixture of 100 g. of ben- 
zene, 15 g. of paraformaldehyde, 50 g. of diisopropylamine and 60 g. of 
2-nitropropane was gently heated on a water bath for one and one-half hours. 
The benzene-water azeotrope, and finally the benzene, were removed by slow 
distillation. Fractional distillation of the residue gave 1-diisopropylamino- 
2-nitro-2-methylpropane, b.p. 95-98° (2 mm.); weight 47 g. (47%); n?°D 
1.4500. Redistillation through a packed column gave the fraction boiling 
96.5-97.0° (2 mm.), n2°D 1.4505, which was used in the stability studies. 

Anal. Caled. for C,gHo2No0.: N, 13.85. Found: N, 13.91. The hydro- 
chloride was prepared by the usual means, and melted at 113-114° with the 
evolution of a gas. 

Anal. Caled. for CygHo3N.0.Cl1: Cl, 14.7%. Found: Cl, 14.8. 
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A Preliminary List of the Vascular Plants of 
Meade County, Kentucky 


P. A. Davies 
Department of Biology, University of Lowisville, Louisville 8, Ky. 


M rave County, Kentucky, containing approximately 320 square 
miles, lies in the north central part of the state. The Ohio River 
forms its northern boundary. 

The surface topography is composed mostly of rolling Mississip- 
pian limestone soils with frequent broad bands of recent alluvium 
along the Ohio River. The area is occasionally dissected by small 
streams. Since dry, relatively infertile soils predominate, plants of 
that habitat are more abundant. 

All available records of Meade County plants are contained in 
three studies. R. C. Hoskinson (1951) collected vascular plants in 
this county during 1948-50 and compiled an annotated list as part 
of his requirement for the master’s degree at the University of Louis- 
ville. His specimens are in the herbarium of that institution. During 
the past ten years, the author has collected and taken notes of the 
plants of Meade County. His specimens are also in the herbarium at 
the University of Louisville. E. Lucy Braun (1943) published An 
Annotated Catalogue of Spermatophytes of Kentucky in which she 
lists a number of plants from Meade County. The ones in her list 
not seen by either Hoskinson or the author are starred. 

Nomenclature is essentially that of Gray’s Manual of Botany, 
eighth edition. The list contains 20 species, varieties and forms of 
pteridophytes and 690 spermatophytes, a total of 710. 


POLYPODIACEAE Pellaea atropurpurea (L.) Link 
Adiantum pedatum L. Polystichum acrostichoides (Michx.) 
Asplenium platyneuron (L.) Oakes Senos : sy Ale 
Athyrium pycnocarpon (Spreng.) te forma incisum (Gray) 


Tidestr. 
A. thelypteroides (Michx.) Desv. 
Camptosorus rhizophyllus (.) Link. 
Cystopteris bulbifera (.) Bernh. 


Pteridium aquilinum li. Kuhn var. 
latiusculum (Desv.) Underw. 
Woodsia obtusa (Spreng.) Torr. 


C. fragilis (L.) Bernh. OPHIOGLOSSACEAE 
Drgopteris hexagonoptera (Michx.) C. Botrychiwm dissectum ‘Spreng. 

Chr. B. dissectuwm var. obliquum (Muhl.) 
D. marginalis (L.) Gray Clute 
Onoclea sensibilis L. B. virginianum (L.) Sw. 


Sn SIN ANNA AS AO ENA eS 
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EQUISETACEAE 
Equisetum arvense L. 


E. hyemale var. affine (Engelm.) A.A. 


Eat. 


PINACEAE 


Juniperus virginiana L. 
Pinus virginiana Mill 


TYPHACEAE 
Typha latifolia L. 


NAJADACEAE 
Najas gracillima (A. Br.) Magnus 


ALISMACEAE 


Alisma subcordatum Raf. 
Sagittaria graminea Michx. 
S. latifolia Willd. 


GRAMINEAE 


Agropyron repens (L.) Beauv. 

Agrostis alba L. 

A. Elliottiana Schultes 

A. hyemalis (Walt.) BSP. 

A. perennans (Walt.) Tuckerm. 

Andropogon Elliottii Chapm.* 

A. Gerardi Vitman 

A. scoparius Michx. 

A. virginicus L. 

Aristida dichotoma Michx. 

A. longespica Poir. 

A. oligantha Michx. 

Brachyelytrum erectum (Schreb.) 
Beauv. 

Bromus commutatus Schrad. 

B. japonicus Thunb. 

B. latiglumis (Shear) Hitche. 

B. purgans L. 

B. secalinus L. 

Cinna arundinacea L. 

Dactylis glomerata L. 

Danthonia spicata (L.) Beauv. 

Diarrhena americana Beauv. 


Digitaria Ischaemum (Schreb.) Muhl. 


D. sanguinalis (L.) Scop. 
Echinochloa crusgalli (L.) Beauv. 
Eleusine indica (L.) Gaertn, 
Elymus riparius Wieg. 

E. villosus Muhl. 


E. virginicus L. 

Eragrostis capillaris (L.) Nees 
E. megastachya (Koel.) Link 
E. Frankii C. A. Meyer 

E. pectinacea (Michx.) Nees 
E. spectabilis (Pursh) Steud. 
Festuca elatior L. 

F. obtusa Biehler 

Glyceria striata (Lam.) Hitche. 
Hordeum pusillum Nutt. 
Hystrix patula Moench 

Leersia oryzoides (L.) Sw. 

L. virginica Willd. 

Leptochloa filiformis (Lam.) Beauv. 
Muhlenbergia mexicana (L.) Trin. 
M. Schreberi J. F. Gmel. 

M. sobolifera (Muhl.) Trin. 

M. tenuiflora (Willd.) BSP. 
Panicum anceps Michx. 

. Boscti Poir. 

. capillare L. 

. clandestinum L. 

. commutatum Schultes 

. dichotomiflorum Michx. 

. dichotomum L. 

flexile (Gatt.) Seribn. 

. Gattingeri Nash 

. lanuginosum var. fasciculatum 
(Torr.) Fern. 

P. microcarpon Muhl. 

P. polyanthes Schultes. 

P. sphaerocarpon Ell. 

P. virgatum L. 


Why 


Paspalum laeve var. circulare (Nash) 


Fern. 
P. pubifiorum Rupr. var. glabrum 
Vasey* 
Phleum pratense L. 
Poa annua L. 
P. compressa L. 
P. pratensis L. 
P. sylvestris Gray. 
Setaria italica (L.) Beauv. 
S. glauca (L.) Beauy. 
S. viridis (L.) Beauv. 
Sorghastrum nutans (L.) Nash.* 
Sorgum halepense (l.) Pers. 
Sphenopholis intermedia Rydb. 
S. nitida (Biehler) Scribn. 
Sporobolus asper (Michx.) Kunth* 
Triodia flava (L.) ‘Smyth 
Uniola latifolia Michx. 
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CYPERACEAE 


Carex annectens Bickn. 

. artitecta Mack. 

. blanda Dewey 

. cephalophora Muhl. 

. convoluta Mack. 

. Frankii Kunth. 

. hirsutella Mack. 

. Jamesti Schwein 

. laxiflora Lam. 

. Leavenworth Dewey 

. lurida Wahl. 

Muhlenbergii Schkuhr. var. enervis 

Boott. 

. retroflexa Muhl. 

. rosea Schkuhr. 

. sparganioides Muhl. 

. tribuloides Wahl. 

. typhina Michx. 

. virescens Muhl. 

. vulpinoidea ‘Michx. 

Cyperus esculentus Li. 

C. ovularis (Michx.) Torr. 

C. strigosus L. 

C. tenuifolius (Steud.) Dandy 

Eleocharis obtusa (Willd.) Schultes. 

E. quadrangulata «Michx.) R. & 8. var. 
crassior Fern. 

Fimbristylis autumnalis (L.) R. & S. 
var. mucronulata (Michx.) Fern. 

Scirpus atrovirens Willd. 

S. cyperinus (L.) Kunth. 

S. lineatus Michx. 


EOS ESS OEE BS SEES aS OO SES 


ARACEAE 


Arisaema Dracontium (L.) Schott 
A. triphyllum (L.) Schott 


LEMNACEAE 


Lemna minor L. 
Spirodela polyrhiza (L.) Schleid. 


COMMELINACEAE 


Commelina communis L. 

C. diffusa Burm. f. 
Tradescantia subaspera Ker. 
T. virginiana L. 


J UNCACEAH 


Juncus acuminatus Michx. 
J. diffusissimus Buckley 


J. effusus L. var. solutus Fern. & Wieg. 
J. tenuis Willd. 


LILIACEAE 


Allium canadense L. 

A. cernuum Roth 

A. tricoccum Ait. 

A, vineale L. 

Asparagus officinalis L. 
Erythronium americanum Ker. 
Hemerocallis fulva L. 

Lilium michiganense Farw. 
Medeola virginiana L. 
Ornithogalum umbellatum L. 
Polygonatum biflorum (Walt.) Hil. 
P. pubescens (Willd.) Pursh. 
Smilacina racemosa (l.) Desf. 
S. racemosa var. cylindrata Fern. 
Smilax Bona-nox L. 

S. glauca Walt. 

S. herbacea L. 

S. rotundifolia L. 

S. tamnoides var. hispida (Muhl.) Fern. 
Trillium flexipes Raf. 

T. recurvatum Beck. 

T. sessile L. 

Uvularia grandiflora Sm. 
Veratrum Woodii Robbins 


DIOSCOREACEAE 
Dioscorea quaternata (Walt.) Gmel. 


AMARYLLIDACEAE 
Agave virginica L. 
Hypoxis hirsuta (L.) Coville 


IRIDACEAE 
Belamcanda chinensis (L.) DC. 
Tris cristata Ait. 
Sisyrinchiwm albidum Raf. 
S. angustifolium Mill. 


ORCHIDACEAE 
Aplectrum hyemale (Muhl.) Torr. 
Corallorhiza odontorhiza (Willd.) Nutt. 
Liparis lilifolia (L.) Richard 
Orchis spectabilis L. 
Spiranthes gracilis (Bigel.) Beck 


SALICACEAE 


Populus alba L. 
P. deltoides Marsh. 
Salix cordata Michx. 
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S. humilis Marsh. 
S. interior Rowlee. 
S. nigra Marsh. 
S. sericea Marsh. 


J UGLANDACEAE 


Carya cordiformis (Wang.) K. Koch 
. glabra (Mill.) Sweet 

. laciniosa (Michx.) Loud. 

. linoensis (Wang.) K. Koch 

. ovata (Mill.) K. Koch 

. tomentosa Nutt. 

Juglans cinerea L. 

J. nigra L. 


ARAAA 


CORYLACEAE 


Carpinus caroliniana Walt. var. 
virginiana (Marsh.) Fern. 

Corylus americana Walt. 

Ostrya virginiana (Mill.) K. Koch 


FAGACEAE 


Castanea dentata (Marsh.) Borkh. 
Fagus grandifolia Ehrh. 
Quercus alba L. 

. bicolor Willd. 

. falcata Michx. 

. imbricaria Michx. 

. lyrata Walt. 
macrocarpa Michx. 

. marilandica Muench. 

. montana Willd. 
Muhlenbergii Engelm. 
. palustris Muench. 
Prinus L. 

. rubra L. 

. stellata Wang. 

. velutina Lam. 


QOOHSsoossoss 


ULMACEAE 
Celtis occidentalis L. 
C. tenuifolia Nutt. 
Ulmus alata Michx. 
U. americana L. 
U. rubra Muhl. 


MORACEAE 


Maclura pomifera (Raf.) Schneid. 
Morus rubra L. 


URTICACEAE 


Boehmeria cylindrica (L.) Sw. 
Laportea canadensis (L.) Wedd. 


Parietaria pennsylvanica Muhl. 
Pilea pumila (L.) Gray. 
Urtica procera Muhl. 


SANTALACEAE 
Comandra Richardsiana Fern.* 


LORANTHACEAE 


Phoradendron flavescens (Pursh.) 
Nutt. 


ARISTOLOCHIACEAE 
Aristolochia Serpentaria L. 


Asarum canadense var. reflecum 
(Bickn.) Robins. 


POLYGONACEAE 
Polygonum aviculare L. 
. erectum L, 
. Hydropiper L. 
. lapathifolium L. 
. pennsylvanicum L. 
. Persicaria L. 
. punctatum Ell. 
. scandens L. 
Rumez Acetosella L. 
R. altissimus Wood. 
R. crispus L. 
R. obtusifolius L. 
R. verticillatus L. 
Tovara virginiana (L.) Raf. 


ash last lash last las) tas} tas) 


CHENOPODIACEAE 
Chenopodium ambrosioides L. 


AMARANTHACEAE 


Amaranthus hybridus L. 
A. spinosus L. 


PHYTOLACCACEAE 
Phytolacca americana L, 


AIZOACEAE 
Mollugo verticillata L. 


PorRTULACACEAE 
Claytonia virginica L. 
Portulaca oleracea L. 

CARYOPHYLLACEAE 


Agrostemma Githago L. 
Cerastium nutans Raf. 
C. viscosum L. 
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Dianthus Armeria L. 

Lychnis alba Mill. 

Paronychia canadensis (L.) Wood. 
Saponaria officinalis L. 

Silene stellata (L.) Ait. f. 

S. virginica L. 

Stellaria media (L.) Cyril. 

S. pubera Michx. 


RANUNCULACEAE 


Actaea pachypoda Ell. 

Anemone virginiana L. 

Anemonella thalictroides (li.) Spach. 
Aquilegia canadensis L. 

Cimicifuga racemosa (L.) Nutt. 
Clematis virginiana L. 

Delphinium tricorne Michx. 

Hepatica acutiloba DC. 

Hydrastis canadensis L. 

Isopyrum biternatum (Raf.) T. & G. 
Ranunculus abortivus L. 

Thalictrum dioicum IL. 

T. revolutum DC.* 


BERBERIDACEAE 


Caulophyllum thalictroides (L.) Michx. 


Jeffersonia diphylla (L.) Pers. 

Podophyllum peltatum UL. 
MENISPERMACEAE 

Menispermum canadense L. 


MAGNOLIACEAE 
Liriodendron Tulipifera L. 

ANNONACEAE 
Asimina triloba (L.) Dunal 


LAURACEAE 
Lindera Benzoin (L.) Blume 


Sassafras albidum (Nutt.) Nees var. 
molle (Raf.) Fern. 


PAPAVERACEAE 
Corydalis flavula (Raf.) DC. 
Dicentra Cucullaria (L.) Bernh. 
D. canadensis (Goldie) Walp. 
Sanguinaria canadensis lL. 


Stylophorum diphyllum (Michx.) Nutt. 


CRUCIFERAE 
Arabidopsis Thaliana (L.) Heynh. 
Arabis canadensis L. 
A. laevigata (Muhl.) Poir. 
Rarbarea vulgaris R. Br. 


Capsella Bursa-pastoris (L.) Medic. 

Cardamine bulbosa (Schreb.) BSP. 

C. Douglass (Torr.) Britt. 

C. pennsylvanica Muhl. 

Dentaria diphylla Michx. 

D. heterophylla Nutt. 

D. laciniata Muhl. 

Descurainia pinnata (Walt.) Britt. var. 
brachycarpa (Richards) Fern. 

Draba brachycarpa Nutt.* 

D. verna L. 

Iodanthus pinnatifidus (Michx.) Steud. 

Lepidium campestre (L.) R. Br. 

Rorippa sylvestris (L.) Bess. 

Sisymbrium officinale (1i.) Seop. var. 
leiocarpum DC. 


CRASSULACEAE 
Sedum ternatum Michx. 


SAXIFRAGACEAE 


Heuchera villosa var. macrorhiza 
(Small) R. B. & L. 

Hydrangea arborescens L. 

Mitella diphylla L. 

Penthorum sediodes L. 


HAMAMELIDACEAE 


Hamamelis virginiana L. 
Liquidambar Styraciflua L. 


PLATANACEAE 
Platanus occidentalis L. 


ROSACEAE 


Aruncus dioicus (Walt.) Fern. 

Agrimonia rostellata Wallr. 

A, parviflora Ait. 

A. pubescens Wallr. 

Crataegus crus-galli L. 

Duchesnea indica (Andr.) Focke 

Fragaria virginiana var. illinoensis 
(Prince) Gray 

Geum canadense Jacq. 

G. vernum (Raf.) T. & G. 

G. virginianum L. 

Gillenia stipulata (Muhl.) Baill. 

Potentilla norvegica L. 

Prunus americana Marsh. 

P. serotina Ehrh. 

Rosa carolina L. 

R. setigera Michx. 

Rubus argutus Link. 

R. flagellaris Wilid 
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R. frondosus Bigel. 
R. occidentalis L. 


LEGUMINOSAE 


Amorpha fruticosa L. 
Amphicarpa bracteata (L.) Fern. 
Apios americana Medic. 
Astragalus canadensis L. 

Cassia hebecarpa Fern. 

C. fasciculata Michx. 

C. nictitans L. 

Cercis canadensis L. 

Clitoria mariana L. 

Desmodium ciliare (Muhl.) DC. 
. cuspidatum (Muhl.) Loud.* 

. glabellum (Michx.) DC. 

. glutinosum (Muhl.) Wood 

. laevigatum (Nutt.) DC. 

. nudiflorum (L.) DC. 

. paniculatum (L.) DC. 

. rigidum (Ell.) DC. 

. rotundifolium DC. 

. sessilifolium (Torr.) T. & G.* 
Gleditsia triacanthos L. 
Gymnocladus dioica (L.) K. Koch 
Lespedeza hirta (l.) Hornem. 
L. procumbens Michx. 

L. repens (L.) Bart. 

L. stipulacea Maxim. 

L. striata (Thunb.) H. & A. 

L. virginica (L.) Britt. 
Medicago sativa L. 

Melilotus alba Desr. 

M. officinalis (L.) Lam. 


Soo eS a eic'S 


Psoralea psoralioides (Walt.) Cory var. 


eglandulosa (Ell.) F. L. Freeman* 
Robinia Pseudo-Acacia L. 
Strophostyles helvola (L.) Ell. 
Stylosanthes biflora (L.) BSP. 
Tephrosia virginiana (L.) Pers. 
Trifolium pratense L. 
T. repens L. 
Vicia villosa Roth. 


LINACEAE 
Linum medium (Planch.) Britt. var. 
texanum (Planch.) Fern. 
OXALIDACEAE 


Oxalis europaea Jordan 
O. grandis Small 

O. stricta L. 

O. violacea L. 


QO. violacea var. trichophora Fassett.* 


GERANIACEAE 


Geranium carolinianum I. 
G. maculatum L. 


RUTACEAE 
Ptelea trifoliata L. 
Xanthoxylum americanum Mill. 
SIMAROUBACEAE 
Ailanthus altissima (Mill.) Swingle 


POLYG@ALACEAE 
Polygala incarnata L, 
P. sanguinea L. 
P. verticillata var. ambigua (Nutt.) 

Wood* 

EUPHORBIACEAE 
Acalypha rhomboidea Raf. 
A. virginica L. 
Croton monanthogynus Michx.* 
Euphorbia corollata L. 
E. maculata L. 
E. marginata Pursh 
Phyllanthus caroliniensis Walt. 


CALLITRICHACEAE 
Callitriche deflexra A. Br. var. Austini 
(Engelm.) Hegelm.* 
ANACARDIACEAE 


Rhus aromatica Ait. 

R. copallina L. 

R. copallina var. latifolia Engler* 
R. glabra L. 

R. radicans L. 


CELASTRACEAE 
Celastrus scandens L. 
Euonymus americanus L. 
E. atropurpureus Jaeq. 
STAPHYLEACEAE 
Staphylea trifolia L. 
ACERACEAE 
Acer Negundo L. 
A. nigrum Michx. f. 
A. rubrum L. 
A. saccharinum L. 
A. saccharum Marsh. 
HIPPOCASTANACEAE 
Aesculus glabra Willd. 
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BALSAMINACEAE THY MELAEACEAE 
Impatiens capensis Meerb. Dirca palustris L. 
I. pallida Nutt. 
LYTHRACEAE 
RHAMNACEAE Cuphea petiolata (L.) Koehne. 
Ceanothus americanus L. 
Rhamnus caroliniana Walt. NYSSACEAE 
Nyssa sylvatica Marsh. 
VITACEAE 
Parthenocissus quinquefolia (L.) ONAGRACEAE 
Planch. Circaea quadrisulcata (Maxim.) 
Vitis aestivalis Michx. Franch. & Sav. var. canadensis 
V. riparia Michx. (L.) Hara 
V. vulpina L. Gaura biennis L. 
Jussiaea decurrens (Walt.) DC. 
TILIACEAE J. repens Li. var. glabrescens Ktze. 
Tilia americana L. Ludwigia palustris (.) Ell. var. 
T. heterophylla Vent. americana (DC.) Fern. & Grise. 
Oenothera biennis L. 
ENE O. laciniata Hill. 
Abutilon Theophrasti Medic. 
Malva neglecta Wallr. ARALIACEAE 
Sida spinosa L. Aralia racemosa L. 
A. spinosa L. 
GUTTIFERAE Panazx quinquefolius L. 
Ascyrum Hypericoides L. var. 
multicaule (Michx.) Fern. UMBELLIFERAE 
Hypericum gentianoides (L.) BSP. Angelica venenosa (Greenway) Fern. 
H. mutilum L. Cicuta maculata L. 
H. perforatum L. Cryptotaenia canadensis (L.) DC. 
H. punctatum Lam. Daucus Carota L. 
H. spathulatum (Spach) Steud. Erigenia bulbosa (Michx.) Nutt. 
Eryngium yuccifolium Michx. 
CISTACEAE 


Osmorhiza Claytoni (Michx.) Clarke 
Pastinaca sativa Li. 
VIOLACEAE Sanicula canadensis L. 

Hybanthus concolor (Forst.) Spreng. 8. Gre Gate. Bickn. 
Waninicanadensisnte Thaspium trifoliatum (L.) Gray var. 
V. hirsutula x triloba Brainerd* flavum Blake 
V. Kitaibeliana R. & S. var. Rafinesquit 

(Greene) Fern. 


Lechea tenuifolia Michx. 


CoRNACEAE 


V. papilionacea Pursh Conus Drummondi Meyer 
V. pedata L. C. florida L. 
V. sagittata Ait.* C. racemosa Lam. 
a eee ae 5 PYROLACEAE 
EO ai ae Chimaphila maculata (L.) Pursh 
PASSIFLORACEAE Monotropa Hypopithys L. 
ee lutea Li. var. glabriflora Hintea anaes 
Gaylussacia baccata (Wang.) K. Koch 
CACTACEAE Vaccinium arboreum Marsh. 


Opuntia humifusa Raf. V. stamineum L. 
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PRIMULACEAE 
Anagallis arvensis L. 
Lysimachia ciliata L. 
L. Nummularia L. 
EBENACEAE 
Diospyros virginiana L. 
OLEACEAE 
Fraxinus americana L. 
F. pennsylvanica Marsh. 
F. quadrangulata Michx. 


GENTIANACEABD 
Swertia carolinensis (Walt. ) Ktze. 
Gentiana puberula Michx.* 
Sabatia angularis (L.) Pursh 


APOCYNACEAE 
Apocynum cannabinum L. 
Vinca minor L. 


ASCLEPIADACEAE 
Ampelamus albidus (Nutt.) Britt. 
Asclepias amplexicaulis J. E. Smith 
. purpurascens L. 

. quadrifolia Jacq. 
. syriaca L. 

. tuberosa L. 

. variegata L. 

. verticillata L. 

. viridiflora Raf.* 


CONVOLVULACEAE 
Convolvulus arvensis L. 
C. sepium L. 
C. sepium var. repens (L.) Gray 
Cuscuta pentagona Engelm. 
C. Gronovii Willd. 
Ipomoea hederacea (L.) Jacq. 
I. pandurata (L.) G. F. W. Mey. 
I. purpurea (L.) Roth 


Reap 


POLEMONIACEAE 
Phlox amplifolia Britt. 
P. divaricata L. 
P. glaberrima L. 
P. paniculata L. 
P. pilosa L. 
Polemonium reptans L. 


HYDROPHYLLACEAE 


Hydrophyllum appendiculatum Michx. 


Phacelia bipinnatifida Michx. 
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BORAGINACEAE 
Cynoglossum officinale L. 
C. virginianum L. 
Hackelia virginiana (L.) I. M. 
Johnston. 
Heliotropium indicum L. 
Lithospermum canescens (Michx.) 
Lehm.* 
Mertensia virginica (L.) Pers, 


VERBEN ACEAR 
Lippia lanceolata Michx. 
Verbena hastata L. 
V. simplex Lehm. 
V. stricta Vent. 
V. urticifolia L. 


LABIATAE 


Agastache nepetoides (L.) Ktze. 

Blephilia ciliata (L.) Benth. 

B. hirsuta (Pursh) Benth. 

Collinsonia canadensis L. 

Cunila origanoides (L.) Britt. 

Glechoma hederacea var. micrantha Mor. 

Hedeoma pulegioides (L.) Pers. 

Isanthus brachiatus (L.) BSP. 

Lamium amplexicaule L. 

Lycopus virginicus L. 

Marrubium vulgare L. 

Mentha arvensis L. 

M. longifolia (L.) Huds. var. 
mollissima (Borkh.) Rouy 

M. piperita L. 

Monarda fistulosa L. 

Prunella vulgaris var. lanceolata 
(Bart.) Fern. 

Pycnanthemum flexuosum (Walt.) BSP. 

P. pilosum Nutt. 

P. pycnanthemoides (Leavenw.) Fern. 

Salvia lyrata L. 

Scutellaria incana Biehler 

S. lateriflora L. 

S. nervosa Pursh 

S. elliptica Muhl. 

S. saxatilis Riddell 

Stachys Riddellii House 

S. tenuifolia Willd. 

Teucrium canadense L. 

Trichostema dichotomum L. 


SOLANACEAE 


Datura Stramonium L. 
Nicandra physalodes (L.) Pers. 
Physalis heterophylla Nees 
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P. heterophylla var. ambigua (Gray) 
Rydb. 

P. subglabrata Mack. & Bush 

Solanum carolinense L. 

S. Duleamara L. 

S. nigrum L. 


ScROPHULARIACEAE 


Conobea multifida (Michx.) Benth. 

Gerardia flava L. 

G. flava var. macrantha (Pennell) 
Fern.* 

G. Gattingert Small* 

G. tenuifolia Vahl 

Gratiola neglecta Torr. 

Linaria vulgaris Hill 

Mimulus alatus Ait. 

M. ringens L. 


Paulownia tomentosa (Thunb.) Steud. 


Pedicularis canadensis L. 
Penstemon calycosus Small 
Scrophularia marilandica L. 
Seymeria macrosphylla Nutt. 
Verbascum Blattaria L. 

V. Thapsus L. 

Veronica arvensis L. 


Veronicastrum virginicum (L.) Farw. 


BIGNONIACEAE 
Bignonia capreolata L. 
Campsis radicans (L.) Seem. 
Catalpa speciosa Warder 

OROBANCHACEAE 
Conopholis americana (L.) Wallr. 
Epifagus virginiana (L.) Bart. 

ACANTHACEAE 
Ruellia caroliniensis (Walt.) Steud. 
R. strepens L. 

PHRYMACEAE 
Phryma Leptostachya L. 


PLANTAGINACEAE 
Plantago aristata Michx. 
P. pusilla Nutt.* 
P. Rugelii Dene. 
P. virginica L. 
RUBIACEAE 
Cephalanthus occidentalis L. 


Diodia teres Walt. var. setifera Fern. 


& Grise. 
Galium ciraezans var. hypomalacum 
Fern. 


G. concinnum T. & G. 
G. obtusum Bigel. 

G. pilosum Ait. 

G. triflorum Michx. 
Houstonia caerulea L. 
H. purpurea L. 


CAPRIFOLIACEAE 
Lonicera japonica Thunb. 
Sambusus canadensis L. 
Symphoricarpos orbiculatus Moench 
Triosteum angustifolium L. 
Viburnum acerifolium L. 
V. prunifolium L. 
V. rufidulum Raf. 


VALERIANACEAB 
Valeriana paucifiora Michx. 


DIPSACACEAE 
Dipsacus sylvestris Huds. 


CUCURBITACEAE 
Sicyos angulatus L. 


CAMPANULACEAE 
Campanula americana L. 
Lobelia Cardinalis L. 
L. inflata L. 
L. puberula Michx. 
L. siphilitica L. 
Specularia perfoliata (L.) A. DC. 


COMPOSITAE 
Achillea Millefoliwm L. 
Actinomeris alternifolia (L.) DC. 
Ambrosia artemisiifolia var. elatior 
(L.) Dese. 
A. trifida L. 
Antennaria fallax Greene 
A. plantaginifolia (L.) Hook. 
Anthemis Cotula L. 
Arctium minus (Hill) Bernh. 
Artemisia annua L. 
Aster linariifolius L. 
A. novae-angliae L. 
A. patens Ait. 
A. pilosus Wilid. 
A. Shortwi Lindl. 
Bidens comosa (Gray) Wieg. 
B. bipinnata L. 
B. frondosa L. 
Cacalia atriplicifolia L. 
Chrysanthemum Leucanthemum L. var. 
pinnatifidum Lecoq. & Lamotte 
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Cichorium Intybus L. 

Cirsium discolor (Muhl.) Spreng. 
C. vulgare (Savi) Tenore 
Coreopsis tripteris L. 

Dyssodia papposa (Vent.) Hitche. 
Echinacea purpurea (L.) Moench 
Eclipta alba (L.) Hassk. 
Elephantopus carolinianus Willd. 
Erigeron annuus (L.) Pers. 

E. canadensis L. 

E. divaricatus Michx. 

E. phitadelphicus L. 

E. pulchellus Michx. 

E. strigosus Muhl. 

Eupatorium altissimum lL. 

E. coelestinum L. 

E. fistulosum Barratt 


E. hyssopifolium var. calcaratum Fern. 


& Schub.* 
E. perfoliatum L. 
E. rugosum Houtt. 
E. serotinum Michx. 
E. sessilifolium L. 
Galinsoga ciliata (Raf.) Blake 
Gnaphalium obtusifolium L. 
G. purpureum L. 
Helenium autumnale L. 
H. nudiflorum Nutt. 
Helianthus annuus L. 
. divaricatus L. 
. hirsutus Raf. 
. microcephalus T. & G. 
. mollis Lam. 
. occidentalis Riddell* 
. tuberosus L. 
Heliopsis helianthoides (L.) Sweet 
Hieracium Gronovii L. 
H. longipilum Torr.* 
AH. paniculatum L. 
H. scabrum Michx. 


hehe ky 


Krigia biflora (Walt.) Blake 

Kuhnia eupatorioides L. 

Lactuca canadensis L. 

L. canadensis var. latifolia Ktze. 

L. floridana (.) Gaertn. 

Liatris scariosa (L.) Willd. 

L. spicata (L.) Willd. 

L. squarrosa (L.) Michx. 

Parthenium integrifolium L.* 

Prenanthes altissima L. 

Pyrrhopappus carolinianus ( Walt.) 
DC.* 

Ratibida pinnata (Vent.) Barnh. 

Rudbeckia fulgida Ait. 

R. hirta L. 

Senecio glabellus Poir. 

S. obovatus Muhl. 

Sericocarpus linifolius (L.) BSP.* 

Silphium terebinthinaceum Jacq. 

S. trifoliatum L. 

Solidago altissima L. 

S. bicolor L. 

S. caesia L. 

S. canadensis L. 

S. flexicaulis L. 

S. gigantea Ait. 

S. graminifolia (L.) Salisb. var. 
Nuttall (Greene) Fern. 

S. juncea Ait. 

S. nemoralis Ait. 

S. rugosa Ait. 

S. speciosa var. angustata T. & G.* 

S. ulmifolia Muhl. 

Sonchus asper (L.) Hill 

Tanacetum vulgare L. 

Taraxacum officinale Weber 

Verbesina helianthoides Michx. 

Vernonia altissima Nutt. 

Xanthium pennsylvanicum Wallr. 

X. italicum Moretti. 
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Food Habits of the Bluegill Lepomis macrochirus 
macrochirus (Rafinesque), in Eighteen Kentucky 


Farm Ponds During April and May 


WILuiAM R. TURNER 
Division of Fisheries, Department of Fish and Wildlife Resources, 
Frankfort, Kentucky 


INTRODUCTION 


Tux REASONS underlying studies on the food habits of fish are mul- 
tiple. Growth rates are unquestionably dependent to a great extent 
upon nutrition, and in a similar manner the condition of a fish reflects 
its nutrition. Food habits also function in determining population 
levels (Lagler, 1950). Thus any investigation which sheds light on 
the nutritional requirements, or any other ecological aspect of a fish 
species, may prove useful in its future management. The present 
study yields information regarding the spring food of the bluegill, 
Lepomis macrochirus macrochirus (Rafinesque), in farm ponds of the 
Inner Bluegrass and Outer Bluegrass regions of Kentucky. 

Previous studies on bluegill food habits in different states indicate 
that the smaller individuals feed predominately on micro-crustacea 
(Ewers and Boesel, 1935; Rice, 1942). Chironomid larvae have ap- 
peared to be the chief food item in the diet of larger specimens 
(Howell, Swingle and Smith, 1941; Rice, 1942). No results of studies 
made on the diet of Kentucky bluegills have been published prior to 
the present study. 


PROCEDURE 


For the present investigation 18 farm ponds in the Bluegrass and 
Outer Bluegrass regions of central Kentucky were selected on a ran- 
dom basis from the files of ponds scheduled to be test-seined by the 
Kentucky Division of Fish and Wildlife Resources during the months 
of April and May, 1953. These ponds, considered typical Kentucky 
fish ponds, are located in Franklin, Fayette, Anderson, Shelby, Jeffer- 
son, Bullitt, Carroll and Owen counties. 

A 30-foot, 14-inch mesh seine was employed in collecting the fish 
for the study. A total of 148 bluegills were obtained, and enough fish 
were seined from each pond to insure an adequate sampling of all 
size classes. 
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Attempts to preserve entire specimens in formalin proved unsatis- 
factory because the bluegills regurgitated much of their stomach con- 
tents when treated in such a manner. The following method was 
finally employed with satisfactory results. All specimens were meas- 
ured upon removal from the ponds. Their stomachs were removed, 
wrapped in cheese cloth, labelled, and then preserved in formalin. 
Subsequently, the stomach contents were examined with a low-power 
binocular microscope. The relative volume of each taxonomic group 
represented in the stomachs and the percentage of occurrence were 
recorded. 


QUALITATIVE COMPOSITION OF THE Foop 


Seven orders of insects were found to contribute to the food of the 
bluegill at this time of year. Among the Diptera the chironomids were 
of greatest importance, comprising the bulk of the food for all of the 
size ranges analyzed. Other dipterous larvae were also quite common. 
Coleopterans, both larval and adult forms, ranked second in impor- 
tance. Aquatic hemipterans were third, followed by Ephemoptera, 
Trichoptera, Odonata, and Hymenoptera respectively. 

Crustaceans formed another important food for the bluegill, espe- 
cially for individuals in the smaller size classes. Their importance 
apparently diminishes as the fish increases in size. 

Plants comprised the other major food item of the bluegill. Fila- 
mentous algae were found to be present in considerable quantity in 
bluegills of all size ranges. Some vascular plant remains were also 
present, but to a lesser degree. 


QANTITATIVE COMPOSITION OF THE Foop 


Two determinations were made for each type of food item: fre- 
quency of occurrence and total volume. These results, which are 
presented in Table I, show the food habits of the population sample 
during the months of the study. 


CONCLUSIONS 


Analyses of stomach contents indicate that during spring months 
bluegills feed on both plant and animal material, with the latter 
comprising more than four-fifths of the total bulk. Insects are the 
predominant food item at this season for fish of all sizes. Immature 
aquatic stages are eaten somewhat more frequently than are adults. 

Different size classes display some differences both in the quantita- 
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TABLE I. STOMACH CONTENTS OF 143 BLUEGILL, Lepomis m. machrochirus (RaFi- 
NESQUE) TAKEN FROM 18 KENTUCKY FARM PONDS BETWEEN APRIL 8 AND May 27, 


1953. 
*59 Fish, 1.0 - 1.6 in. 51 Fish, 1.7 - 4.1 in. 30 Fish, 4.2 - 6.1 in. 
Total Length Total Length Total Length 
-) i o oC as o st i () 
Food Organisms wa |Se4/e88| sf | Sse] e088 | sé | g22| o88 
ee [eee |fee| gf |see| fee | 42 [228 | Fee 
za |Sza|<a°b| za | Sad | ase) 2a | 82a | ae 
Crustacea 
Copepodaen a seen 8 13.55 1.2 4 7.84 0.5 3.33 
Cladoceraspeaeaaae eee 46 77.96 7.9 17 33.33 6.8 15 50.90 eee 
Insecta 
Ephemerida (naiads).... . 3 5.08 8308} 5 9.80 B.D 3 10.00 3.5 
Odonata (naiads)........ Pe aA bk ae Betis me 2 6.66 1.7 
Gerridae (adult)......... 1 1.69 1.0 SE Bae eit ie ics 5s 
Corixidae (adult)........ 7 11.86 4.7 3 5.88 2:2 4 13.33 2aG 
Notonectidae (adult)..... 1 1.69 1.0 eed hs Base 
Haliplidae (adult)....... 2 3.38 B37} 1 1.96 ep 4 13.33 Bier 
Hydrophilidae (adult)... . ye EN she ap 1 1.96 1.0 1 3.33 eG 
Misc. Coleoptera (larvae). 3 5.08 +o 4 7.84 0.5 5 16.66 15 
Trichoptera (larvae)..... 2 3.38 15 3 5.88 2.0 3 10.00 125 
Chironomidae (larvae)... 38 64.40 58.6 40 78.43 66.3 28 93.33 68.0 
Mise. Diptera (larvae)... 16 27.11 2.2 21 41.17 3.0 14 46.66 2.0 
Hymenoptera (adult). ... 1 3.33 0.5 
Filamentous Algae.......... 17 28.81 Wit Se/ 13 25.49 13.0 6 20.00 5.5 
Vascular Plant remains...... 6 10.16 4.2 1 1.96 vite 2 6.66 0.5 


*Three fish in the 1.0-1.6 inch size range had no food in their stomachs and were not considered in the above table. 


tive and qualitative aspects of the food they consume. In small blue- 
gills entomostracans and filamentous algae are found in a larger per- 
centage of stomachs than in larger fishes, although insects make up 
the greatest volume of food. In large fish insect predation increases 
as the consumption of crustaceans and algae decreases. In the largest 
size class (4.2-6.1 inches) insects were found in 100% of the stomachs. 
Dragonfly naiads were found only in the larger fish, the smailer blue- 
gills probably being unable to devour them. 


SUMMARY 


1. Stomach contents of 143 bluegills were analyzed. The fish were 
seined from 18 Kentucky farm ponds during April and May, 1953. 

2. The greatest volume of food for all size classes was composed 
of insects, with chironomid larvae comprising the most important food 
item. Crustaceans and plants also were eaten. 

3. There is an inverse relationship between the size of the bluegill 
and the importance of microcrustaceans in the diet. The frequency of 
insect predation increases directly with bluegill size. 
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A Study of the Food of Foxes in Central Kentucky 


Roger W. BARBOUR AND LARRY R. GALE 
Department of Zoology, University of Kentucky, Lexington, Kentucky, and 
Department of Fish and Wildlife Resources, Frankfort, Kentucky 


F Rom September, 1949 to July, 1950 a part of the duties of certain 
of the personnel of the Kentucky Department of Fish and Wildlife 
Resources was the collection of foxes. The stomachs were saved, and 
were analyzed by the senior author. All of the stomachs saved were 
from foxes collected in a few counties in central Kentucky, ranging 
from Mercer county in the east to Grayson county in the west. 

The series consisted of 10 stomachs of the gray fox, Urocyon c. 
cinereoargenteus and 33 from the red fox, Vulpes f. fulva. 


Gray Fox 


Urocyon cinereoargenteus cinereoargenteus (Schreber) 


The 10 stomachs analyzed were from animals collected as follows: 
Three January specimens from Grayson County; four May specimens 
from Hardin County; and three July specimens from Nelson county. 

The following table presents the results of analyses of these 10 
stomachs. 


TABLE I. RESULTS OF THE ANALYSES OF 10 GRAY Fox STOMACHS FROM 
CENTRAL KENTUCKY 


Month Number Percent Percent 
collected specimens Food item occurrence volume 
January 3 Microtus ochrogaster 100 28.3 
Richmondena cardinalis 33.3 13.3 
Pitymys pinetorum 33.3 8.3 
Peromyscus leucopus 33.3 8.3 
Mus musculus 33.3 8.3 
Zea mays 66.6 33.3 
May 4 Sylvilagus floridanus 50 37.5 
Peromyscus leucopus 25 18.7 
Microtus ochrogaster 25 12.5 
Colinus virginiana 25 6.2 
Unidentified vegetable debris 25 25. 
July 3 Acrididae 100 63. 
Sylvilagus floridanus 33.3 33. 
Microtus sp. 33.3 1 
Unidentified mammal 33.3 1 
Prunus serotina fruits 33.3 2 


Transactions of the Kentucky Academy of Science, 16(4) : 102-104. December, 1955. 
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TABLE II. RESULTS OF THE ANALYSES OF 26 Rep Fox STOMACHS FROM 
CENTRAL KENTUCKY 


Month Number Percent Percent 
collected specimens Food item occurrence volume 
January u Sheep 28.3 25. 
Microtus ochrogaster 28.3 19.3 
Sylvilagus floridanus 28.3 17.8 
Unidentified mammal blood 14.2 14, 
Pitymys pinetorum 28.3 10.7 
Peromyscus maniculatus bairdi 14.2 5.0 
Sturnella magna 14.2 3.6 
Zea mays 14,2 3.6 
February 1 Sheep 40 
Microtus ochrogaster 40 
Zea mays 20 
March 4 Mephitis mephitis 25 25 
Didelphis virginiana 25 25 
Tamias striatus 25 10 
Sylvilagus floridanus 25 10 
Peromyscus leucopus 25 6.3 
Pitymys pinetorum 25 6.3 
Gallus domesticus 25 2.9 
Zea mays 25 15. 
April 3 Sylvilagus floridanus 66.7 33 
Microtus ochrogaster 66.7 23.3 
Pitymys pinetorum 33.3 16.6 
Gallus domesticus 33.9 15; 
Peromyscus leucopus 33.3 8.3 
Suis suis 33.3 3.3 
May 8 Tamias striatus 25. 24.9 
Gallus domesticus 25 12.5 
Sciurus carolinensis 12.5 12.0 
Dipterous larvae 12.5 11.2 
Lampropeltis calligaster 12.5 8.1 
Pitymys pinetorum 12.5 15) 
Corvus brachyrhynchos 12.5 5. 
Carphophis amoena 12.5 2 
Sylvilagus floridanus 12.5 1 
Unidentified Arthropoda 25.0 1 
Unidentified warbler 12.5 ie 
Suis carrion 12.5 6 
Unidentified vegetable debris 12.5 12.5 
September 1 Gallus domesticus 100% 


December 2 Sylvilagus floridanus 100% 100% 
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Rep Fox 


Vulpes fulva fulva (Desmarest ) 


A total of 33 red fox stomachs were obtained, distributed as fol- 
lows: January, 9 specimens, 2 empty, from Mercer county; February, 
one specimen, from Mercer county; March, 4 specimens, one from 
Green and three from Hardin county; April, three specimens, two 
from Green and one from Grayson county; May 11 specimens, one 
from Green, one from Grayson, one from Mereer, and eight, three 
of which were empty, from Hardin county; June, one empty, from 
Mercer county; September, two specimens from Marion county, one 
of which was empty; and December, two specimens from Grayson 
county. 

Twenty-six stomachs contained varying amounts of food; results 
of the analyses of these stomachs is presented in Table II. 

Two of the stomachs analyzed deserve special consideration. One 
of the seven stomachs taken in January was gorged with unidentified 
blood and a few red fox hairs. This animal was collected with a 
rifle, and possibly the blood and hair was swallowed by the animal 
as a result of licking a wound. 

One of the eight stomachs taken in May contained a great mass 
of undigested dipterous larvae, a few elytra from beetles, and a small 
amount of pig carrion. Apparently this fox had made a meal of 
portions of a well-decayed pig which was essentially digested when 
the fox was collected, but the more resistant dipterous larvae and 
coleopteran elytra still remained in the stomach. 

These data are far too meager to warrant any conclusions rela- 
tive to the food of foxes in Kentucky, but due to the paucity of 
information on the food of foxes in the state, it was thought wise 
to make the data available. 


Accepted for publication 24 May 1955. 


. 


Book Review 


THe Caves BEYonp: THE SToRY OF THE FLoyD COLLINS’ CRYSTAL 
CavE EXpPLoRATION. Joe Lawrence, Jr. and Roger W. Brucker. 
Funk and Wagnalls, New York, 1955. 283 pp. $4.75. 


REVIEW BY PETE PANZERA 


To the great majority of readers this book will probably be a disappoint- 
ment. As a record of the exploration of February 1954, sponsored by the 
National Speleological Society, it will be of considerable importance in plan- 
ning and carrying out future explorations. 

This reviewer began the book in the expectation of capturing, through the 
printed page, some of the thrills associated with exploring caves in general 
and this cave in particular, with its interesting history dating back to the 
days in 1925 when all the world’s attention was focused on a hitherto unknown 
man trapped in one of its treacherous passages. However the book becomes 
so bogged down in minute details and conversations that merely trying to 
remain oriented becomes a task almost as great as that encountered by the 
explorers themselves. In short, this reviewer failed to sense “first and fore- 
most the intense excitements of peril and discovery” alluded to on the cover 
jacket. 

The book itself is divided into two parts plus appendices. The first sec- 
tion deals with the planning and preparation for the exploration while the 
second part concerns the exploration itself—both sections supplemented with 
numerous maps and photographs. The appendices are formal reports on 
various phases of the exploration including meteorological, biological, geo- 
logical, ete., data. 

After reading this book one is amazed at how much of this cave Floyd 
Collins, alone and with meager equipment, was able to explore. 


ACADEMY AFFAIRS 


KENTUCKY ACADEMY OF SCIENCE MEETINGS DURING 1955 


THE 1955 SpriInG MEETING 


Cumberland Falls State Park was the scene of the 1955 spring meeting of the 
Kentucky Academy of Science on April 29 and 30. Fifty-four persons registered, 
including members and guests. 

The program opened Friday afternoon with several demonstrations provided 
by the Division of Fisheries and presented by Bernard Carter, Ellis Carter, Joe 
Chenault, Mayo Martin, and Lewis Gerow, all from the Department of Fish and 
Wildlife Resources of the Commonwealth of Kentucky. 

Following dinner in duPont Lodge Mr. Robert Collins, Supervisor of the U. 8. 
Forest Service located in Winchester, Kentucky, spoke on ‘‘ Your Cumberland 
National Forest’’ and illustrated his talk with numerous colored slides. He told 
of the objectives of the U. S. Forest Service in general and of the work of the 
Cumberland National Forest in particular, and gave special attention to the 
threatened strip-mining in the Cumberland National Forest. 

Saturday morning was devoted largely to field activities. An early bird-hike 
was led by Dr. Roger Barbour, Dr. Harvey Lovell, and Dr. Fenton West. Fol- 
lowing breakfast Mr. Preston McGrain, Assistant State Geologist, gave an illus- 
trated talk on the geology of the Cumberland Falls region, and field trips occupied 
the rest of the morning. Those participating went in three groups: one led by 
Dr. P. A. Davies and Dr. W. M. Clay, one led by Dr. Mary Wharton and Dr. Roger 
Barbour, and one led by Mr. Preston MeGrain, Miss Mary Beckett, and Mr. 
William Hopp. 

The program on Saturday afternoon concerned ornithology and archaeology. 
Dr. Harvey Lovell of the University of Louisville spoke on ‘‘ Past Research on 
Kentucky Ornithology’’; Mr. Robert Pierce of the Kentucky Department of Fish 
and Wildlife Resources told of ‘‘Bird Studies on the Kleber Songbird Sane- 
tuary’’; and Mr. Frederick Hardy, also of the Fish and Wildlife Resources, gave 
an account of ‘‘Game Bird Research of the Beaver Dam Refuge.’’ Mr. Russ 
Thompson of Lexington spoke on Kentucky archaeology, stating that little has been 
done in Kentucky in comparison with what remains unstudied. He also showed 
some artifacts. 

Although this concluded the planned portion of the meeting, many members 
remained at Cumberland Falls until Sunday. 


THR 1955 FALL MEETING 


The Kentucky Academy of Science held the forty-first annual meeting on 
November 4-5, 1955, at Kentucky State College in Frankfort, with a registered 
attendance of one hundred fifty-one. 

The program on Friday afternoon, November 4, was a panel discussion on 
‘“The Shortage of Scientists—What Can Be Done about It?’’ Members of the 
panel were: Mr. R. D. Wallace, Works Manager, Henderson Plant, Spencer Chemi- 
cal Company; Mr. Arthur MeNulty, Plant Manager, Winchester Plant, Sylvania 
Electrical Products Company; Dr. H. A. Romanowitz, Head, Department of Elec- 
trical Engineering, University of Kentucky; and Mr. Don Bale of the State 
Department of Education. Dr. W. E. Blackburn, Head of the Department of 
Physical Science at Murray State College, presided. The discussion indicated 
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that the center of the problem lies in the shortage of qualified science teachers in 
the secondary schools and in the inadequacy of laboratory equipment in these 
schools. This results in students’ not being stimulated to enter training in college 
for scientific careers. 

On Friday evening a banquet was served in the Underwood Cafeteria. Fol- 
lowing dinner ‘Mr. R. W. Willmott, Head of the Radioisotopes Laboratory of the 
Good Samaritan Hospital in Lexington, Kentucky, spoke on ‘‘ Medical Use of 
Radioisotopes,’’ giving diagnostic, palliative, and curative uses. 

At the business session Saturday morning the following officers were elected: 

President-elect: Dr. A. M. Wolfson, Murray State College 

Vice President: Mr. Phil Miles, Kentucky Agricultural and Industrial Develop- 
ment Board 

Secretary: Dr. Mary E. Wharton, Georgetown College 

Treasurer: Dr. R. A. Chapman, University of Kentucky. 

Dr. J. G. Black of Eastern Kentucky State College, elected a year ago, will 
serve as President for the coming year. 

Dr. Ward Sumpter of Western Kentucky State College and Dr. Julian Capps 
of Berea College were chosen as Directors to serve until 1959. Dr. W. E. Black- 
burn of Murray State College and Dr. L. E. Alexander of Kentucky State College 
were chosen to fill unexpired terms on the Board of Directors. 

Resolutions presented by Dr. Dewey Steele, Chairman of the Resolutions Com- 
mittee, and by Dr. Alfred Brauer, Chairman of the Legislation Committee, were 
unanimously adopted. These are given below. 

At the close of the business session Caro] Lippard of Atherton High School in 
Louisville, winner of the Science Discussion Contest at the spring convention of 
the Junior Academy of Science, presented her discussion on ‘‘ Observations of the 
Moon.’’ 

Following adjournment of the general session, contributed papers were pre- 
sented in five sections of the Academy and the Kentucky Association of Physics 
Teachers. These are listed below. 

Mary WHARTON, Secretary 


Tue Forty-First ANNUAL MEETING OF THE KENTUCKY ACADEMY OF SCIENCE 
Kentucky State College, Frankfort, Kentucky, November 4 and 5, 1955 
BACTERIOLOGY AND MEDICAL TECHNOLOGY SECTION 


Sister M. Simeonette Savage, Chairman; Seth W. Gilkerson, Secretary 


(1) Studies on the mouse LD50 titer curve of the 17D strain of yellow fever virus 
in the chick embryo. 
Ray Dutcher and O. F. Edwards, Dept. of Bacteriology, University of 
Kentucky. (Presented by Ray Dutcher) 
(2) Strains of Candida from the genital tracts of mares. 
Alice Moran, Dept. of Animal Pathology, University of Kentucky. 
(3) Serological and electophoretic studies of the agglutinating ability of anti- 
horse serum rabbit serum for equine erythrocytes. 
June D. Iben and M. Scherago, Dept. of Bacteriology, University of Ken- 
tucky. (Presented by M. Scherago) 
(4) A study of the sensitivity of human leukocytes to bacterial filtrates by Blatt 
and Nantz method 
John C. Partin and M. Scherago, Dept. of Bacteriology, University of 
Kentucky. (Presented by John C. Partin) 


—————e 
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(5) 


(6) 


(7) 


(8) 


(9) 
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A nutritional study on Clostridiwm parabotulinum and Clostridium histolyti- 
cum. 
Jerome Bulmash and R. H. Weaver, Dept. of Bacteriology, University of 
Kentucky. (Presented by Jerome Bulmash) 
The use of oblique illumination in the isolation of micro-organisms. 
Vincent Gerencser and R. H. Weaver, Dept. of Bacteriology, University 
of Kentucky. (Presented by Vincent Gerencser) 
A therapeutic paradox. 
William F. Cantrell and Gordon D. Betts, Dept. of Pharmacology, Univer- 
versity of Louisville. 
The laboratory diagnosis of tropical diseases at the School of Public Health 
in Mexico City. 
Margaret Hotchkiss, Dept. of Bacteriology, University of Kentucky. 
Studies on the serological identification of Proteolytic clostridia. 
James W. Mandia, Dept. of Animal Pathology, University of Kentucky. 


(10) The relationship of SSS of Klebsiella pneumoniae to phage susceptibility. 


(1) 
(2) 
(3) 


(4) 
(5) 


(6) 


(7) 


(8) 


(9) 


(1) 


(2) 


John Brough and James C. Humphreys, Dept. of Bacteriology, University 
of Kentucky. 


BIOLOGY SECTION 
L. E. Alexander, Chairman 


The Azygiidae in Kentucky (Trematoda). 

J. M. Edney, Dept. of Zoology, University of Kentucky. 
Studies on the genus Pitymys in Kentucky. 

Charles E. Smith, Jr., Dept. of Zoology, University of Kentucky. 
Preliminary studies on the estrus cycle of the gray squirrel (Sciurus c. caro- 
linensis). 

Albert A. Dusing, Dept. of Zoology, University of Kentucky. 

Aquatie Isopods and Amphipods of Jefferson County, Ky. 

Gerald A. Cole, Dept. of Biology, University of Louisville. 

Modification of development of the anterior limb bud of the chick by ultra- 
violet irradiation. 

Edwin Dale, Dept. of Zoology, University of Kentucky. 

Studies of the Drosophila of Kentucky. 
Ersil P. Ward and John M. Carpenter, Dept. of Zoology, University of 
Kentucky. (Presented by E. P. Ward) 

Distribution of the frogs and toads of Kentucky. 

Roger W. Barbour, Dept. of Zoology, University of Kentucky. 
Comparison of Desmognathus fuscus weltert and Desmognathus fuscus fuscus. 

Rodney Hayes, Dept. of Biology, Transylvania College. 

A study of the movements and capture of some fishes in Fort Gibson Reser- 
voir, Oklahoma. 

Hunter M. Hancock, Dept. of Biology, Murray State College. 


CHEMISTRY SECTION 
Pete Panzera, Chairman; Gradus L. Schoemaker, Secretary 
The volumetric determination of zine and lead in paint pigments by EDTA 
method. 
Sister Mary Adeline O’Leary and Sister Virginia Heines, Nazareth Col- 
lege, Louisville. (Presented by Sister Virginia Heines) 
Preparation, structures and reactions of tetrachorobenzotriazole. 
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Richard H. Wiley, James Moffat, and Karl Hussung, University of Louis- 
ville. (Presented by J. Moffat) 
(3) N-Methylacetamide as an electrolytic solvent. 
Lyle R. Dawson, Eugene D. Wilhoit and Paul G, Sears, University of Ken- 
tucky. (Presented by E. D. Wilhoit) 
(4) The unusual conductimetrie behavior of sodium and potassium salts in N, 
N-Dimethylacetamide. 
Thomas A. Gover and Paul G. Sears, University of Kentucky. (Presented 
by Paul G. Sears) ait 
(5) Organic bromide products from the Br80m (I.T.) Br80 reaction in liquid 
propyl bromides. 
Gerrit Levey, Berea College. 
(6) Studies of the refractive indices of binary wax mixtures. 
Sister M. Concetta Waller, Ursuline College. 
(7) Determination of molybdenum by precipitation as the sulfide using the hy- 
drolysis of thioacetamide. 
William N. McNerney and William F. Wagner, University of Kentucky. 
(Presented by W. N. McNerney) 
(8) Friedel-Craft reactions with coumalyl chloride. 
Richard H. Wiley and Stephen Slaymaker, University of Louisville. (Pre- 
sented by Stephen Slaymaker) 
(9) Optical dispersion of radon. 
William K. Plucknett, University of Kentucky. 


ENGINEERING SECTION 
O. W. Gard, Chairman; H. A. Romanowitz, Secretary 


(1) Cooling cycles actuated by solar energy. 

Mer! Baker, Dept. of Mechanical Engineering, University of Kentucky. 
(2) Ferromagnetic resonance in electroplated samples of iron. 

P. K. Kadaba, Dept. of Electrical Engineering, University of Kentucky. 
(3) Applications of solar energy. 

K. V. Prasana, Dept. of Mechanical Engineering, University of Kentucky. 
(4) Preferred crystallographic orientations as a factor in engineering materials. 

Cullie J. Sparks, Dept. of Mining and Metallurgical Engineering, Univer- 

sity of Kentucky. 


KENTUCKY ASSOCIATION OF PHYSICS TEACHERS 
George V. Page, Chairman; Carl Adams, Secretary 
Program of contributed papers. 


PSYCHOLOGY SECTION 


(Sponsored jointly by Kentucky Psychological Association and 
Kentucky Academy of Science) 


J. 8S. Calvin, Acting Chairman; W. M. Taylor, Acting Secretary 


(1) Development of connotative meanings as measured by the semantic differential. 
John Donahue, University of Kentucky. 
(2) New experimental approaches to the problem of personality testing with ex- 
perimental demonstration. 
Hans Hahn, Transylvania College. 
(3) The effect of LSD-25 on the swimming behavior of a group of white rats. 
Joe Mock, University of Kentucky. 
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(4) A study of auditory sensitization. 
John Fletcher, Army Medical Research Laboratory, Ft. Knox. 
(5) Auditory sensitivity as a function of pure frequency audiometery and psycho- 
galvanic skin response audiometery. 
K. W. Burk, University of Kentucky. 


KENTUCKY JUNIOR ACADEMY OF SCIENCE 
Hume Hall 


RESOLUTIONS 
IN MEMORIAM 


Whereas, the late William Ray Allen, Professor of Zoology at the University 
of Kentucky and former President of the Kentucky Academy of Science, was 
ealled to his reward on April 8, 1955 at the conclusion of a distinguished profes- 
sional career, be it resolved that recognition be here given to his high professional 
standards, sincerity, and unselfish service to his University, to the Commonwealth, 
and to the Kentucky Academy of Science. 


* * * 


Whereas, the Kentucky Academy of Science in its forty-first annual meeting 
has been the guest of Kentucky State College and has thereby enjoyed the splen- 
did facilities of the College, be it resolved that the Academy extend its thanks 
to President R. B. Atwood and his staff for their generous hospitality. 

Whereas, the Kentucky Academy of Science has viewed with pride the aca- 
demic and material progress of Kentucky State College, be it resolved that Presi- 
dent R. B. Atwood be commended for his administrative leadership and educational 
vision. 

Whereas, this meeting of the Kentucky Academy of Science has required judi- 
cious planning relative to the scheduling of the respective sessions and to other 
provisions for the pleasure of those who attended, be it resolved that the Academy 
extend its appreciation and thanks to Dr. Lloyd Alexander and his committee for 
their efficient and gracious service to the Academy. 


* * % 


Whereas, the Kentucky Academy of Science is an organization of men and 
women of science, incorporated under the statutes of Kentucky, and, whereas 
this is a nonprofit organization whose purpose it is to seek, perpetuate, and dis- 
seminate science, and, whereas, the Kentucky Academy of Science has on former 
oceasions placed itself on record as favoring the maintenance, integrity, and 
purposes of national preserves, monuments, and parks, where it is the purpose 
to maintain natural inclusions and phenomena where they ‘‘will do the greatest 
good to the greatest number of people for the greatest time,’’ and, whereas, these 
purposes are likewise those of state owned and operated parks, and, whereas, the 
State of Kentucky owns and operates parks within its borders for the maintenance 
of natural inclusions and phenomena as well as for their recreational and educa- 
tional value, and, whereas, the Kentucky Academy of Science feels concern that 
at a future time the parks and the facilities which they offer might fall into, or 
be placed into the control of individuals or groups of individuals whose purposes 
are contrary to, or in conflict with the original purposes, therefore be it resolved 
that, (1) the Kentucky Academy of Science favors the continuance of the State 
Parks under complete control of the State of Kentucky, and under immediate con- 
trol of a ‘‘Board’’ which understands and is in harmony with the purposes of 
their establishment and operation. (2) Be it further resolved that the operation 
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of the parks be along the same lines and channels as those now employed, particu- 
larly with reference to the major accommodations which the parks offer in the 
way of board and room, namely operation by the State of Kentucky. (3) Be it 
further resolved that the Kentucky Academy of Science expresses itself as favor- 
ing improvements in capital outlay by the amortization plan, and that whenever 
possible such improvements be made and financed over a period of years from 
proceeds made by the park system. (4) Be it further resolved that a copy of 
these resolutions be retained in the Academy Archives, and that copies be ad- 
dressed to the present gubernatorial candidates, to the Governor of the Common- 
wealth of Kentucky, and, to the present State Parks Board. 


* * * 


Whereas, the Kentucky Academy of Science is aware of a form of mining 
operation in the State of Kentucky, known as strip-mining and, whereas, its 
operations and practices may be averse to the best interests of the State as to 
conservation of resources, and to agriculture in extensive surrounding areas where 
it is practiced, and, whereas, the Kentucky Academy of Science feels that ‘‘strip- 
mining’’ has been prudently permitted, and its practices reasonably controlled, 
be it therefore resolved that the State Department of Mines and Minerals and 
particularly its Board of Conservation be commended for its control of this 
operation and its practices, and, be it further resolved that the Kentucky Academy 
of Science favors even more stringent control of such practices in the future 
particularly with respect to restitution and reclamation of areas scarified by the 
practices; and with respect to the proper channeling and disposal of drainage and 
run-off from such areas. Be it further resolved that the Kentucky Academy of 
Science retain a copy of this resolution in its archives and that copies be sent to 
the State Department of Mines and Minerals, to the Division of Conservation, and 
to the Governor of the State of Kentucky. 


* * * 


Whereas, the Kentucky Academy of Science is aware that attempts are made 
from time to time by private companies and corporations to develop certain 
mineral deposits located within the limits of the Cumberland National Forest, 
and, whereas, the most recent of these attempts, if successful, might have destroyed 
large areas of that forest for usefulness and purposes for which the area was set 
aside, and, whereas, such destruction would have been unrecoverable for a great 
period of time, and, whereas, final decision of the question of developing coal 
resources by strip mining operations was assigned to the United States Depart- 
ment of Agriculture, and, whereas, the committee of the Department of Agricul- 
ture, under chairmanship of Hon. Charles P. Taft rendered a decision which the 
Kentucky Academy of Science feels was able, wise, and just in determining that 
such strip mining operations not be permitted, be it therefore resolved that the 
Kentucky Academy of Science is in accord with the decision as rendered, and that 
a copy of this resolution be retained in the archives of the Academy of Science, 
and copies be sent to the Secretary of Agriculture, and to the office of the Presi- 
dent of the United States. 

* * *% 

Whereas, the Kentucky Academy of Science feels that the system of State 
Parks in the State of Kentucky has been, and is now a great asset to the State 
from the standpoints of economics, conservation of mineral and wild life resources, 
and of educational and recreational advantages offered by it, and, whereas, the 
State of Kentucky has committed itself favorably with respect to an interstate 
project with the State of West Virginia known as the ‘‘Breaks-of-Sandy’’ inter- 
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state park, and whereas, considerable effort has been made and capital expended 
toward getting the park into operation, and whereas, the Kentucky Academy of 
Science feel that such a park will enhance, and be enhanced by the Kentucky 
State Parks, and will over a period of years liquidate the cost of its establishment, 
be it resolved, that the Kentucky Academy of Science recommend to the incoming 
state administration that the project be further expedited and continued. Be it 
further resolved, that a copy of this resolution be retained in the minutes of the 
Academy, and that copies be sent to the Governor of the Commonwealth, to the 
Board of State Parks, to the Majority Leader of the Kentucky Senate, and to the 
Floor Leader of the State House of Representatives, of the administration taking 
office January, 1956. 
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An Annotated Bibliography of the Flora of Korea 


Sister Avice Maria GoopE 
Nazareth College, Louisville, Kentucky 


INTRODUCTION 


A GLANCE at a map of Asia is sufficient to explain why little Korea 
has been of interest to many nations over a long period of years. Its 
location makes it a destined ‘‘bone of contention.’’ Many, who readily 
understand the political interest which the nations of the world have 
in Korea, fail to see the significance of a study of its vegetation. 

No other regional picture is so expressive of land usability as is 
the vegetation of an area; it sums up many of the items of tempera- 
ture, rainfall, surface configuration, drainage, and soils. Since every 
one of the known 350,000 species of plants can exist only within 
certain limits of many environmental factors, it follows that each 
plant is an indicator or index of these factors in the area where it is 
growing. 

This interpretation of vegetation is particularly useful in aerial 
photography. If the kind of vegetation can be recognized on an 
aerial photograph of an area, pertinent observations about the en- 
vironmental factors of that area can be deduced. For example, an 
undulating line of river birch on such a photograph would almost 
without question indicate a stream. Geologists have long been aware 
that vegetation patterns may indicate rock distribution and structure. 
Coal, oil, and even uranium deposits have been located by the kind 
of vegetation they support. The interpretation of vegetation on 
aerial photographs has wide application in both peace and war. 

Korea’s vegetation was virtually unknown until comparatively 
* A contribution from the Department of Biology, The Catholic University of America, 
Washington, D. ©. This paper, prepared under the direction of Dr. Maximilian Duman, is 
based on the author’s dissertation submitted in partial fulfillment of the requirements for 


the degree of Master of Science. 
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recent times. Although small collections had been made from time to 
time since 1854, no real investigation of the flora had been under- 
taken prior to the country’s annexation by Japan in 1910. Dr. 
Takenoshin Nakai, now professor emeritus of Tokyo University, was 
appointed as the government botanist in 1913. The result of his 
investigations he published in many reports over a period of 37 
years. According to Nakai, the known flora of Korea comprises 
over 4,000 kinds of woody plants belonging to 223 families. 

The flora differs much throughout the length and breadth of the 
country, due partly to different climatic conditions and partly to 
different geological formations. Three-fourths of Korea is composed 
of granite, basalt, and highly metamorphosed rocks of pre-Cambrian 
age. There is some mud shale and limestone. Each of these geo- 
logical formations has certain plants peculiar to it. For example, 
many plants, such as Thododendrons, will not grow in limestone 
areas. 

Korea’s climate varies much at the extremities of the peninsula. 
In the south the temperature seldom falls to freezing point. The 
climate of the central and northern provinces is much the same as 
that of our northeastern states, and like them, Korea has four differ- 
ent seasons occurring at about the same time of the year and in the 
same manner as our seasons. There is intense heat in summer and 
bitter cold in winter. The annual precipitation averages 38 inches, 
the rainfall being more abundant between April and July, but there 
is great fluctuation from year to year, resulting sometimes in destruc- 
tive floods, sometimes in disastrous droughts. 

Another feature which affects the distribution of natural vege- 
tation is topography. Korea is a land of mountains, where agri- 
culture is difficult, but from time immemorial agriculture has been 
the main occupation of the people. Although there is some agricul- 
ture above the 38th parallel, most of Korea’s mines and heavy in- 
dustry are located there, while the southern zone is predominantly 
agricultural. Here the soil is particularly suited to rice paddies. In 
addition to the cereals, soybeans, vegetables, fruits, tobacco, and fibers, 
including cotton, are also grown. 

Deforestation has always been one of Korea’s problems. Only 
steep, rocky areas unsuitable for agriculture have been left undis- 
turbed; it has been estimated that over two-thirds of its forests have 
been destroyed, if not for agriculture, for fuel, as coal is scarce and 
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the winters are extremely cold. Where there is no cultivation coarse 
grasses, shrubs, and scrub pine are all that remain. 

The forest regions vary as does the climate, the northern forests 
consisting chiefly of coniferous evergreens and the southern of de- 
ciduous or evergreen broad-leaved trees. Of the 19 varieties of 
conifers, pine predominates. Species of fir, larch, and spruce are 
common. There are about 100 varieties of deciduous, broad-leaved 
forest trees, the most abundant belonging to the familiar northern 
genera, including species of willow, oak, maple, poplar, alder, linden, 
ash, cherry, wild pear, walnut, and crab apple. 

A close study of Korea’s natural vegetation shows that it can 
boast of a fairly extensive flora comparatively rich in trees, shrubs, 
and in herbs having conspicuous and beautiful flowers. Although 
species are limited, genera are well represented, and considering the 
small size of the country, Korea’s flora compares favorably with that 
of its neighbors, China and Japan. The whole flora is boreal in 
character, and its outstanding feature is the almost complete absence 
of broad-leaved evergreens. In this respect it is similar to that of 
our New England States. 

Korea, for all its smallness (about a third of the size of Texas), 
abounds in physical and climatic diversity, so much so that gen- 
eralization as to land forms and natural vegetation can be valid only 
region by region. 


PLAN OF THE BIBLIOGRAPHY 


There are many Bibliographies available on Korea but there is not 
a great deal of literature in the western languages concerning its 
vegetation. The Koreans themselves have written comparatively 
little and most of their works have been of a political nature due to 
the fact that Korea, because of its geographical location, has almost 
always been involved in a struggle for independence. During the 
Japanese occupation, from 1910 until 1945, much data on Korean 
flora was compiled by Nakai in Japanese. 

Because of the language difficulties involved, no titles in Japanese 
or Korean have been included in this Bibliography except in cases 
where the scientific names of the flora discussed are given in Latin, 
or an English introduction or explanation accompanies the text. In 
a few cases titles are listed either because the species discussed are 
illustrated or their location is indicated on maps. Some titles have 
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been included which are not, strictly speaking, on vegetation, but are 
on closely allied subjects such as physical geography and agriculture. 
Since we are concerned not so much with the identification and 
classification of the flora as with its interpretation, works which 
simply list flora and keys to flora have been omitted as useless. 


PROCEDURE 


In assembling this Bibliography the first sources drawn upon 
were bibliographies of bibliographies, such as Besterman’s A World 
Bibliography of Bibliographies and Wilson’s Bibliographical Index. 
These contained no significant references. Bibliographies of indi- 
vidual subjects were next searched. Agricultural Index and Bibli- 
ography of Agriculture gave a few helpful leads. Jackson’s Guide 
to the Interature of Botany was of no assistance. From Winchell’s 
Guide to Reference Books were obtained the title, A Bibliography of 
Eastern Asiatic Botany by Merrill and Walker. Of all the works con- 
sulted, this last proved to be the most valuable source. Underwood’s 
A Partial Bibliography of Occidental Literature in Korea from Early 
Times to 1930 was helpful, as was the Supplement by Mr. and Mrs. E. 
Gompertz (1935). Neither Jones’ Korea—a preliminary bibliography 
nor Korea—an annotated bibliography of publications m western 
languages (Library of Congress) was of any assistance. The Botan- 
ical Abstracts were of some help, as were the Biological Abstracts 
which replaced Botanical Abstracts in 1926. 

Many of the Journals and Government Publications referred to 
in Shannon McCune’s Bibliography of Western Language Materials 
on Korea and in Merrill and Walker’s Bibliography of Eastern 
Asiatic Botany were obtained by consulting the Card Catalogs of the 
Library of Congress and the Department of Agriculture Library. 
These journals, such as the Japanese Journal of Botany and Trans- 
actions of the Korean Branch of the Royal Asiatic Society, were ex- 
amined and some pertinent materials were found which were not listed 
in the bibliographies previously mentioned. 

Many of the journals in the Lloyd Library in Cincinnati were 
examined. There were a number of references to Korean flora, but 
most of the titles had been obtained previously from other sources. 

Korean flora is not included in Part I of 8. F. Blake’s Geograph- 
ical Guide to Flora of the World. The second part is now in prepara- 
tion, and Mr. Blake furnished some titles from his card index at the 
Agricultural Experiment Station, Beltsville. 
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Since much of the research on Korean vegetation has been done 
by the Japanese, information was requested of Sophia University,. 
Tokyo. The Director of Botany, Father Daniel McCoy, 8.J., found it 
very difficult to obtain the names of any works published in the 
western languages; Father McCoy did, however, send a copy of 
Nakai’s Synoptical Sketch of Korean Flora, at the same time sug- 
gesting that Dr. John Chang, former Prime Minister of Korea, be 
contacted. Nothing was available from Korea. Dr. Chang reported 
that it was impossible to trace any source of information whatsoever 
as the libraries were completely wiped out by the Communist in- 
vasion. 

Shannon McCune of Colgate University, the author of many mon- 
ographs on Korea, suggested Mrs. Roy K. Smith as a possible source 
of information as both she and Dr. Smith, formerly a medical mis- 
sionary in Korea, were very interested in Korean flora. Mrs. Smith 
had collected a wealth of material, having worked with Dr. Nakai in 
Tokyo and with Dr. Iscihdaga in Seoul. All of this material which 
was ready for publication in 1941 was lost when, after the Pearl 
Harbor attack, they were compelled to leave Korea. Mrs. Smith, who 
is now in Missouri, was of great assistance in this Bibliography as 
she pointed out many titles in A Bibliography of Eastern Asiatic 
Botany which treat of Korean flora but to which Merrill and Walker 
had made no reference. 


BIBLIOGRAPHY 


Apams, A. 1870. Travels of a naturalist in Japan and Manchuria. 
334 p. London. 

Korea’s natural setting is described in chapters X and XI, p. 125-166. 

Atry-SHaw, H. K. 1934-1935. <A key to the species of Deutzia sect. 
Mesodeutzia. Bull. Mise. Inf. Kew 1934: 177-181. 

A key to 11 spp. inel. D. kongoa found in Korea. 

ARNOLD ARBORETUM. 1921. Asiatic Crabapple. Bull. Pop. Inf. 7: 2. 
The Korean sp. of Malus which is grown in the Arboretum is deser. in this 
article. 

1921. Asiatic Azalea. Ibdid.: 3. 

This article gives the location in Korea, temperature range, and appearance 

of the Azalea. 

1923. Asiatic Crabapple. Ibid. 9: 4. 


The late-flowering spp. descr. by Veith, Sargent, and Von Siebold are treated, 
as also are spp. of Rhododendron and Viburnum. 
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Bean, W. J. 1915. Prunus Maximowiczen. Curtis’s Bot. Mag. 141: 

pl. 8641. 
This sp. ranges from Manchuria to Korea and Japan. 

———. 1919. Styrax japonicum. Gard. Chron. III 65: 279. 
Native of Japan and Korea. 

1919. Trachelospermum divaricatum. Ibid. 66: 162. 
Native of Japan and Korea. 

1920. Cornus Kousa. Curtis’s Bot. Mag. 146: pl. 8833. 
Native of Japan, China, and Korea. 

BENTHAM, G. AND J. D. Hooker. 1862-1883. Genera plantarum ad 
exemplaria imprimis in herbarus kewensibus servata defimta. 3 
voll 040s) Ele 279 pte ls 1258) ps) uondon: 

A fundamental work containing descriptions of the families and genera of 
flowering plants of the entire world. 

BirKENHOF, A. L. 1936. Notes sur les frontiéres des aréals de quel- 
ques espéces de coniféres de 1’Extréme Orient. Bull. Soc. Nat. 
Moscou 45: 139-142. 

In Russian with a French résumé; concerns Pinus koraiensis, P. silvestris, 
and Taxus cuspidata. 

Boisstru, H. pe. 1903. Les Ombelliféres de Corée d’aprés les col- 
lections de M. 1’Abbé Faurie. Bull. Herb. Bowss. IT 3: 953-958. 
This inel. Siwm matsumurae, Selinuwm coreanum, and Pimpinella nikoensis 
coreanda. 

1908. Note complémentaire et rectificative sur des Ombelli- 
féres de Corée. Ibid. 8: 641-643. 


1911. Un viola nouveau de Corée. Bull. Soc. Bot. France 
58: 213-215. 
Viola coreana sp. nov. is inel., with a list of 11 others from Quelpart Island 
(Cheju-Do). 

1912. Sur un Angelica nouveau de ile de Quelpart. Ibid. 
59: 199-201. 


Borvin, B. 1945. Notes on some Chinese and Korean species of 
Thalictrum. Jour. Arn. Arb. 26; 111-118. 
Hight new spp. of Thalictrwm are discussed, as well as some of Leveille’s 
spp. 

Bonaparte, R. N. 1918. Sachaline, Corée, Quelpart, Japon, Formose, 
récoltes de M. R. Oldham, du pére Faurie et du pére Taquet. 
Notes Ptérid. 7: 41-78. 


A systematic enumeration of ferns incl. a few new spp. 
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Boynton, K. R. 1928. Viburnum Carles. Addisonia 13: 9-10. PI. 
421. 
Native of Korea. 

1931. Rosa rugosa. Ibid. 16: 19-20. Pl. 522. 

Native of China, Japan, and Korea. 

BRETSCHNEIDER, E. V. 1882-1896. Botanicon sinicum. Jour. N. 
China Branch Roy. Asiat. Soc. (I) 16: 18-230. 1882; (II) 25: 
1-468. 1893; (III) 29: 1-623. 1896. 


Mentions the vegetation in some ancient Korean places. Part III is devoted 
to Materia Medica of the ancient Chinese. 


1898. History of European botanical discoveries in China. 
2 vol. 1166 p. London. 


A comprehensive treatment with extensive data on explorers and botanists, 
their collections and writings. There are about 25 references to Korea. 


BriquEt, J. 1914. Decades plantarum novarum vel minus cogni- 
tarum. Ann. Cons. Jard. Genéve 17: 326-403. 
Descriptions of a few new spp. of Valeriana from Korea and China. 
Broveuton, W. R. 1804. A voyage of discovery to the North Pacific 
Ocean—in which the coasts of Asia ... including the coast of 
Corea, have been examined and surveyed. 393 p. 
Appendix III contains various lists of plants of Insu and Korea. 
Buek, H. W. 1840-1874. Genera, species et synonyma Candolleana 
alphabetico ordine disposita, seu Index generalis et specialis ad 
A. P. de Candolle Prodromum systematis naturalis regni vege- 
tabilis. 4 vol. 1840, 1842, 1858, 1874. 
These volumes contain an alphabetical index to all names used in Candolle, 
A. P. de, A. de, and C. de Candolle. 
Camus, A. 1909. Potomogeton nouveaux de 1’Asie orientale. Not. 
Syst. Lecomte 1: 85-89. 
Contains a few spp. from China, Korea, and Japan. 
CANDOLLE, A. P. pE, A. DE CANDOLLE AND C. DE CANDOLLE. 1824- 
1874. Prodromus systematis naturalis regni vegetabilis. 17 vol. 


A series of monographs covering numerous families. Each family containing 
Eastern Asiatic spp. is indexed under its respective author. For index, see 
Buek, H. W. 


CANDOLLE, C. DE. 1925. Piperaceae novae pro maxima parte in 
Piperacearum clavi analytica jam discriminatae, nune accuratius 
descriptae, additis nonnullis anterioribus fusius descriptis. Can- 
dollea 2: 187-226. 


Includes Piper rupigaudens from Korea as new, but without any description 
other than the key character. 
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Cuane, K. Y. 1951. The Present Economic Condition of Korea and 
Future Prospects. Korea 1 (1) April. 


Stresses Korea’s productivity in other fields of industry, but it does discuss 
agriculture. 


CuoseN Naturau History Soctrry. 1923. Catalog of specimens of 


the natural history of Chosen. Keijo. 


The plants which were exhibited are enumerated, being divided into 50 spp. 
of medicinal plants, 5 of vegetable fibers, and 179 forest plants. There is 
no key; the plants are listed according to families. The Latin names are 
given, followed by the Korean. 


CurisT, H. 1908. Filices Coreanae novae. Repert. Sp. Nov. Fedde 
5: 284-285. 


The following ferns are mentioned: Dryopteris taquetii, Athyrium demissum, 
Polypodium coraiense, sp. nov., and Osmunda regalis sublaneea with an un- 
named new Athyrium. 


1909. Fougéres d’extréme-Orient (Corée, Sachalin, Chine). 
Bull. Acad. Internat. Géogr. Bot. 20 Mém: 146-178. 
Lists of Filices with descriptions of new spp. 
Cuune, Ker Won. 1943. Sketch of the geography of Korea. Korean 
Research Bulletin 1: 25-28. 


This sketch discusses topography, climate, and basie agricultural products. 
It was written in 1941. 


CuarK, C. B. 1903. Note on Carex Tolmer. Jour. Innn. Soc. Bot. 
35: 403-405. 


This inel. C. microsaccus sp. nov. based on a specimen probably collected by 
Wilford in Japan or Korea. 


Cotuyer, C. T. 1903. The culture and preparation of ginseng in 
Korea. Trans. Korea Branch Roy. Asiat. Soc. 3: 18-80. 

Contains some botanical notes. 

Courant, M. 1894-1896. Bibliographie Coreénne. Tableu litéraire 
de la Corée, contenant la nomenclature des ouvrages publiés dans 
ce pays jusqu’en 1890 ansi que la description et l’analyse détailées 
des principaux d’entre ces ouvrages. Publications de l’ecole des 
langues orientales vivantes. 3d series. 18, 19, 20. Paris. 

The older botanical works are contained in this bibliography. 
1900-1910. Catalog des livres Chinois, Coréens, Japonais, 
etc. 1, 499 p., 1900; 2, 823 p., 1910. 


A eatalog of oriential works in the Bibliothéque Nationale Department des 
Manuscrits, Paris. Contains a bibliography on Korean agriculture. 


1901. Supplement a la Bibliographie Coreénne (jusqu’en 
1899). Publications de l’ecole des langues orientales vivantes, 3d 
sertes. 21. Paris. 
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Crain, W. G. 1914. Indigofera Kirilowu. Curtis’s Bot. Mag. 140: 
pl. 8580. 
Native of northern China and Korea. 

Crane, F. H. 1932. Flowers and folklore from far Korea. 93 p., 
plates XLV. Tokyo. 
148 spp. are illustrated in colors. 

DEPARTMENT OF STATE. 1947. Background Summary—Korea. Office 
of Public Affairs. Washington. Government Printing Office. 


1948. Korea, 1945-1948. Washington. Government Print- 
ing Office. 121 p. 
A report on the political development and economic resourees. Agriculture 
and land utilization are discussed on p. 25-30. 


DrupE, O. 1884. Die Florenreiche der Erde. Darstellung der 
gegenwartigen Verbreitungsverhialtnisse des Pflanzen. Hin Beit- 
rag zur vergleichenden Erdkunde. Peterm. Mitteil. Erganzungsh. 
74: 1-74. Pl. 1-3. 

A deseription, inel. ‘‘ Florenreich von Ostchina,’’ Korea, and Japan. 
1890. Handbuch der Pflanzengeographie. 882 p., 4 maps. 
The Handbuch inel. general discussions of eastern Asia. 

Dunn, 8. T. 1912. Some additions to the Korean flora. Bull. Misc. 

Inc. Kew 1912: 108-109. 


Neillie millsii, Scolopia japonica, and Carex millsii from a collection by Ralph 
Mills are discussed. 


Eneuer, A. AND K. Prantu. 1887-1915; 2nd ed., 1924-1940. Die 
naturlichen Pflanzenfamilien. Teil 1-4, illus., and supplement. 
Leipzig. 

A basic taxonomic work treating the families and the principal genera 


and spp. of all groups of plants for the entire world, each by a different 
author. To date, there are about 20 volumes of the second edition. 


Everett, T. H. 1928. Stephanandra incisa. Gard. Chron. III 84: 
46. 


A native of Japan and Korea. 


FaircuHitp, D. G. 1919. A hunter of plants. Nat. Geogr. Mag. 36: 
57-77. 


An account of the travels of F. N. Meyer, the hunter of plants in Korea. 
Beginning on page 69, it lists the main crops and names the most common 
forest trees of Korea. 

Farrer, R. J. 1904. The garden of Asia: impressions from Japan. 
296 p. 


A popular account of the author’s travels in Japan, Korea, and China, 
with descriptions of Japanese gardens. 
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Farrincton, BH. 1931. Hrnest H. Wilson, plant hunter; with a list 
of his most important introductions and where to get them. 197 
p. 34 pl. Boston: Stratford Company. 

A biography of this plant explorer of eastern Asia. JXorea is mentioned on 
the following pages: 68, 71, 77, 111, 131, 134, 146, 159, 168, 174, 176, 177, 
196. 

Finet, E. A. anp F. Gaenepain. 1903-1906. Contributions a la flore 
de 1’Asie orientale d’aprés l’herbier du muséum de Paris. Bull. 
Soc. Bot. France 50: 517-557, 601-627, 1903: 51: 56-76, 130-136, 
293-329, 388-414, 461-527, 1904; (52): (Mém.) 4: 1-170, 1905-1906. 
A eritieal consideration by families, Ranunculaceae to Magnoliaceae, with 
keys to the spp., bibliographic citations, synonymy, ete. The title of the 


part published in the Memoires is: Contributions 4 1’étude de la flore de 
1’Asie orientale. For reprint, see next entry. 


1905-1907. Contributions a la flore de 1’Asie orientale. 2 
fasel- L224) ps 1905-25170 ps 90K 
This is a reprint of the preceding entry with additional data, in the parts 
with Roman pagination. 

1906. Espéces nouvelles de 1’Asie orientale. Bull. Soc. Bot. 
France 53: 125-127, 573-576. | 


1907-1908. Additions A la flore de 1’Asie orientale. Ibid. 
54; 82-90, 1907; Jour. de Bot. 21: 14-21, 29-34, 95-100, 1908. 
Supplementary to the preceding entry. 

Forses, F. B. anp W. B. Hemsiey. 1886-1905. An enumeration of 

all the plants known from China proper, Formosa, Corea, the 
Luchu Archipelaga, and the Island of Hongkong, together with 
their distribution and synonymy. Jour. Linn. Soc. Bot. 23: 1-521, 
1886-1888; 26: 1-592, 1889-1902; 36: 1-686, 1903-1905. 
Each part is followed by an alphabetical list of genera belonging to 159 
families. Vol. 36 contains a complete index for the three vol. There are 
a few plates and drawings. This is a most comprehensive enumeration of the 
eastern Asiatic plants prepared to date and is based on the collection in the 
Kew. It was subsequently issued separately in three vol. with the original 
pagination, under the title Index florae sinensis. 


1886-1905. Index florae sinensis. See the above entry. 


Fox, H. M. 1932. Liliwm amabile Palib. Nat. Hort. Mag. 11: 142- 
148. 
A general description of this Korean sp. 

Fuuune, E. H. 1929. <A guide to the pinetum. Bull. New York 
Bot. Gard. 14: 1-165. 


An account of the spp. of the conifers at this institution, with general 


notes on many eastern Asiatic spp. Korean spp. are treated on pages 30, 
42, and 131. 
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GENERAL GOVERNMENT OF CHOSEN. 1910-1945. Outline of the Koryo 
Experiment Forest. 

There are 649 entries with drawings and pictures of stands. Entries in 
Japanese with Latin scientific names. 

GiInKuL, 8S. G. 1929. New or little known plants of the subtropies 
of the Black Sea region. Subtrop. 1: 142-144. 

This work, in Russian, inel. botanical notes on Viburnum carlesii, native of 
Korea. 

Gompertz, E. AND G. GompERTZ. 1935. Supplement to ‘‘A partial 
bibliography of occidental literature on Korea’’ by H. H. Under- 
wood, 1931. Trans. Korea Branch Roy. Asiat. Soc. 24: 21-48. 
This is a basie bibliography on Korean material in western languages but 
needs to be brought up to date. Botany is listed on p. 42-43. 

GoropKov, B. N. 1927. Apereu des carex russes. I. Trav. Mus. 
Bot. Acad. Se. U. BR. 8. 8. 20: 198-219. 


Critical notes and descriptions of new spp. from China, Japan, Korea, and 
Siberia are inel. 


Gorz, R. 1931-1934. Salicaceae Asiaticae. Fase. I: 1-23, 1931; 
Fase. II, Repert. Sp. Nov. Fedde 32: 387-389, 1933; 36: 20-38, 
1934. 


Fase. I, a separately published pamphlet, consists of extensive critical notes 
with deseriptions of new and old spp. of Salix being inel. in his exsiceata. The 
descriptions of new spp. are republished under the same title in Repert. Sp. 
Nov. Fedde 32: 117-123, 1933. Fases. II and III contain notes supplementary 
to Fase. I. 

GREEN, M. L. 1917. Sazifraga manshuriensis. Curtis’s Bot. Mag. 
143: pl. 8707. 


A native of Manchuria and Korea. 


GRINNELL, W. 1870-1871. Journey through Eastern Mantchooria 
and Korea. Jour. Amer. Geogr. Soc., p. 283-300. 


Grove, A. 1930. Viburnum Carles. Gard. Chron. III 88: 434- 
435. 
Native of IKXorea. Also contains obituary notes on Dr. M. N. Trollope, a 
Protestant bishop of Korea, who was interested in horticulture. 

Hackeu, E. 1903. Gramina a Cl. Urgano Faurie anno 1901 in 
Corea lecta. Bull. Herb. Boiss. IT 3: 500-507. 


An enumeration of 68 spp. inel. three new ones. 
1904. Supplementa enumerationis graminum Japoniae, 


Formosae, Coreae. Ibid. 4: 522-532. 


Some spp. of Poa, Panicum, Bambusa, and Miscanthus are inel. Corean 
grasses mentioned on p. 531-532. 
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1908. Une nouvelle Graminée Coreénne. Bull. Acad. In- 
ternat. Géogr. Bot. 18: 348. 
This inel. Festuca fauriet from Korea. 

Hatu, B. 1818. An account of a voyage of discovery to the west 
coast of Corea and the Great Loo-Choo Islands. 222 p. illustr. 
London; another editon 201 p. 1 map. Philadelphia. Ed. 2, 
259 p. illustr. London. 1920. 


Sections dealing with Korea have been reprinted in Trans. Korea Branch 
Roy. Asiat. Soc. 2: 3-37. A general explorer’s account, incl. description of 
Korean landseape. Appendix contains charts and various hydrographical 
and scientific notices. 


Hara, H. 1933-1936. Observationes ad plantas Asiae orientalis. 
I-XIl. Jour. Jap. Bot. 9,10, 11, 12. 


Notes in English and descriptions in Latin of various old and new spp., with 
summaries in Japanese. 


1948. EHnumeratio spermatoyphytarum japonicarum, vel, 
A bibliographic enumeration of flowering plants indigenous to or 
long cultivated in Japan and its adjacent islands. Tokyo. 


A brief bibliography and systematic lists of spermatophytes with refer- 
ences, synonymy, kana names, and Latin names. 


Hay, T. 1929. Astiulbe koreana. Gard. Chron. III 85: 119. 
A native of Korea. 

Hayata, B. 1926. General aspects of the flora of Japan including 
southern Saghalien, the Kuriles, Korea, Formosa, the Bonins, and 
the Micronesias under Japanese Mandatory rule. Edited by Joji 
Sakarai in Scientific Japan, past and present. Pp. 77-104. 


This is a botanical description with various lists of plants, prepared in con- 
nection with the Third Pan-Pacific Science Congress, Tokyo. 


Hemsuey, W. B. 1907. Virburnum Carles. Curtis’s Bot. Mag. 
133; pl. 8114. 
Native of Korea. 
Henry, A. 1913. Populus Maximowiczi. Gard. Chron. IIT 53: 198. 
This Populus occurs in Japan and in Korea northward to Kamtchatka. 
HeypricH, M. 1931. Koreanische Landwirtschaft Beitrage zur 
Volkerkunde von Korea I. Abh. Ber. Tierk. Vélkerk. 19: 1-44; 
map, 1 pl., 19 figs. 

Hiaeins, D. F. 1914. Some ferns of Korea. Amer. Fern. Jour. 4: 
17-19. 
Notes on 11 spp. 

HINKuL, 8. G. See Ginkul, S. G. 
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Hover, J. R. 1947. With the U. S. Army in Korea. Nat. Geogr. 
Mag. 91: 829-840. 


A map is inel., and the illustrations give an idea of the terrain. 

Honpa, M. 1930. Monographia Poacearum Japonicarum. Jour. 
Fac. Univ. Tokyo. 3: 1-484. 
The range of the work is that of the Japanese empire inel. Korea and 


Formosa. 472 spp. are treated. There are keys, and at the end are sections 
on the geographical distribution of the spp. and the literature cited. 


1933. Nuntia ad floram Japoniae (XX-XXI). Bot. Mag. 
Tokyo 47 : 96-299, 433-437. 
The Korean spp. of Ostrya is treated on p. 433. 
Hooker, J. D. 1865. Raphiolepsis Japonica. Curtis’s Bot. Mag. 
98: pl. 5510. 
This sp. occurs in Japan and the Korean islands. 
1867. Vitis heterophylla, Thunb., var. humulifolia. Ibid. 
93: pl. 5682. 
A reduction of Amoelopsis humulifolia to varietal rank. Native of northern 
China, Korea, and Japan. 
1872. Stryax serrulatum. Ibid. 98: pl. 5950. 
This sp. oceurs in Japan and Korea. 
1901. Rubus palmatus. Ibid. 127: pl. 7801. 
This sp. is a native of Japan, Korea, and Chekiang. 
Hosino, T. AND T. SHirakuraA. 1934. List of weeds collected in the 
cultivated fields of Syariin, Heijo, Hazan, and the vicinity. Ann. 
Agr. Exper. Sta. Chosen. 7: 453-470. 


Inel. a list of 359 spermatophytes with vernacular names (in kana) and in- 
dieates the occurrence of each in the three localities mentioned. This is a 
systematic list, with the introduction in Japanese. 


HutcHinson, J. 1919. Viburnum Carlesi, var. syringiflora. Bull. 
Misc. Inf. Kew. 1919: 239. 
A new variety, native of Korea, though as yet apparently not collected in 
the wild state. 

IsHipoya, T. 1925. On the medicinal plants in Chosen. Jour. Chosen 
Nat. Hist. Soc. 3: 1-10. 
This is a running account of medicinal plants, in Japanese with Latin names. 

1928. Nova speco de Corydalis en Korelando. Ibid. 6: 91. 


Corydalis nakaii from Korea is deser. in Latin with title and discussion in 
Esperanto. 


IsHwoya, T. AND T. Ter. 1923. Key to the trees of Chosen. 35 p. 


Annotated and keyed list of trees, shrubs, and woody vines, with brief 
descriptions, Japanese names (in kana) and Korean names (in character 
and romanized, with regions where used), keys to families and general key 
to spp.; indices of Latin names. 
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—_ ano P. §. To. 1932. Florula Seoulensis. Jour. Chosen. Nat. 
Hist. Soc. 14: 1-48. 

A list of vascular plants with vernacular names (in kana) is inel. In Jap- 
anese except for scientific names, of which there are 35 pages. 

Ivo, T. 1911-1924. Icones plantarum Japonicum, or, colored figures 
and descriptions of plants indigenous to or cultivated in Japan 
(including, among other places, Korea). 

Each of the 24 plates is accompanied by several separately numbered pages 
of text in Japanese and English. Only one vol. of 6 parts has been issued. 

James, H. E. M. 1888. The Long White Mountain, or A journey in 
Manchuria. 502 p., 10 pl., map. 

A general account of the author’s explorations with a list of plants col- 
lected, p. 455-464. 

Kawamoto, D. 1934. Illustrated book of Korean forest plants. 

683 p. 


The text is in Japanese but there are 1023 illustrations. 


Kine, F. H. 1911. Farmers of forty centuries, or Permanent agri- 
culture in China, Korea, and Japan. 441 p.; 2d ed., 1927. 
This inel. many data on the economic plants. The second edition is edited 
by J. P. Bruce. 

KisHINAMI, Y. 1932. Uber die alpinen Pflanzen der Torchdkette 
im Nordkorea. Bot. Mag. Tokyo. 46: 257. 


There is only a brief note about Korea. 


Kiracawa, M. 1935. Plantae novae Manshuriae et Koreae. Kept. 
First Sci. Exped. Manchoukuwo. Sec. 4, Pt. 2: 122-126. 


Four new spp., Oxytropis, Bassia, Calsola, and Spodiopogon, are treated. 
1935. Corispermum in Manchuria and Koreae. Ibid.: 
99-105, pl. 13, 14. 


An enumeration of 9 spp. with varieties, some being descr. as new. 


1935. Revisio specierum generis Echinopsidis in Manshuria 
et Korea. Ibid.:; 116-121. 
A key to 6 spp. of Hchinops. 


1936. Disporum ovale Ohwi. Icon. Pl. As. Orient. 1: 25, 
PROG el a2 


A native of Korea. 
1936. Ostericum and Angelica from Manchuria and Korea. 
Jour. Jap. Bot. 12: I, 229-246; II, 307-322. 


A systematic treatment in English and Latin, with Japanese summary. It 
inel. many transfers. 
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1936. Lathyrus Vanioti Léveillé. Icon. Pl. As. Orient. 1: 
33-36, pl. 16. 


A native of Korea. 


Kitamura, 8. 1932-1936. Compositae novae Japonicae, IV, V, VI. 

Acta Pt. Geobot. 2; 37-51, 118-129, 177-188. 
Korean spp. of Asteromoea, Picris, Saussurea, Taraxacum, and Artemesia 
are discussed. Descriptions are given in Latin and Japanese. 

1934. Compositae novae Japonicae, VII. Jbid. 3: 97-111. 
New spp., names, and varieties of Compositae from Japan, Korea, Manchuria, 
and China are deser. Descriptions are in Latin and the comments mostly 
in Japanese. 

1942. Expositiones plantarum novarum Oriental-Asiatica- 
rum, VII. fbid. 11: 120-1338. 


The 14 spp. here dealt with, with their varieties, are in the Compositae 
Cichorioideae. A Latin key is given to the genera Crepidinae. Latin de- 
seriptions of the two Korean spp. Youngia koidzumiana and Ixeris chinode- 
bilis, are given. 

Korune, BE. 1912. Prunus yedoénsis var. nudiflora nov. var. Repert. 
Sp. Nov. Fedde 10: 507. 


This Korean sp. is briefly discussed. 


Kocu, K. 1857. Einiges tiber Zapfentrager oder Koniferen, ins- 
besondere tiber Podocarpus koraianus. Berl. Allg. Gartenz. 1857: 
225-229. 


Notes on some eastern Asiatic spp. are inel. 


Koizumi, G. 1923. Synopsis specierum generis Mori. Bull. Ser- 
cult, Exper. Sta. Japan 2: 1-45, Pl. 1-11. 


A revision of the genus Morus with 24 recognized spp. Descriptions and il- 
lustrations of spp. of Morus occurring wild or cultivated in Japan, Formosa, 
and Korea. Introduction is in English, the key and descriptions in Latin. 
An index to the spp. is inel. 


1940. Contributions ad cognitionem florae Asiae orientalis. 

Acta Pt. Geobot. 9: 71-81. 
Consists of new spp. and varieties from Japan, Korea, Formosa, and China, 
in Rubus, Carpinus, Salix, Chenopodium, and Sasa. 

Korpzumi, H. 1933-1936. Taraxacum novum Orientali-Asiaticum, I. 
Bot. Mag. Tokyo 47: 89-124. 
Taraxacum peninsulae Nakai from Korea is deser. on p. 96. The other spp. 
are from Japan. 

Komaroy, V. L. 1901. Species novae florae Asiae orientalis (Man- 
shuriae et Koreae borealis). Acta Hort. Petrop. 18: 417-449. 


Fifty new spp. are descr. 
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Koons, E. W. 1915. Afforestation in Korea. Trans. Korea Branch 
Roy. Asiat. Soc. 6; 35-45. 


Gives a history of Korean forests, the location of the forest areas, and the 
character of the Korean forests, as well as the Government’s work of affores- 
tation. 


KorEAN BrotoaicaL Society. 1949. Nomina plantarum Koreanum. 
11018) 70}, 
A list of the genera in Korean and in Latin; indexed in both languages. 

KUKENTHAL, G. 1902. Carices novae in Corea et Japonica collectae. 
Bull. Herb. Boiss. IT 2: 1017, 1018. 
Four spp. are deser. as new. 

Lanois, EK. B. 1897. Native dyes and methods of dyeing in Korea. 
Jour. Anthrop. Inst. Gt. Brit. and Ireland 26: 453-457. 
Notes on many dyes with reference to their plant sources. 

LauTtensacH, H. 1945. Korea: Eine landeskunde auf grund eigener 
reisen und der literature. 1385 p. Leipzig. 

LecomTst, H. 1909. Notulae systematicae. 4 vol. 
Korean plants are mentioned on p. 191, 192. 

Lee, H. K. 1936. Land utilization and rural economy in Korea. 
Chicago: Univ. of Chicago Press. 289 p. 


LempereG, F. 1930. Adenophora palustris. New Fl. and Sylva 2: 
TO I es 
Native of Korea and China. 
1933. Adenophora Tashiro. Ibid. 6: 30. 
A correction of the determination in the 1930 article. See above entry. 
Livertu4t, M. 1902. Renoneulacées de Corée. Bull. Acad. Internat. 
Géogr. Bot. 11: 297-301. 
A list with a few new spp. 
1903. Onothéracées de Corée. Ibid. 12: 17, 18. 
A list, with no new spp. inel. 
1904. Contribution a la flore du Japon. Rev. Sci. Bourb. 
Centr. France 17: 164-167. 
Contains a list of Carex collected in Japan and Korea by Pere Faurie. 
1904. Cyperaceae (excl. Carices) Japonicae et Coreanae a 
R. P. Urbano Faurie lectae. Bull. Acad. Internat. Géogr. Bot. 14: 
197-203. 
A list. 
1907-1914. Decades plantarum novarum. Repert. Sp. Nov. 
Fedde 4-13. 


This is a series of 145 articles appearing in Vol. 4-13 of Repert. The articles 
consist of descriptions of many new spp. and varieties mostly from China, 
Korea, and Japan. 


An Annotated Bibliography of the Flora of Korea ai 


1910. Deux noveaux Bidens de Corée. Bull. Acad. Inter- 
nat. Géogr. Bot. 20: 3. 
Bidens taquetii and B. minuscula are descr. as new spp. 

1910. Vitis et Eclipta de Corée. Ibid.: 11. 
Vitis taquetii and Eclipta dentata are deser. 

1910. Plantae Taquetianae Coreanae a cl. Dr. H. Christ 
determinatae. Jbid.: 4-11. 


A list of ferns, including a few new spp. 


Liverttt, H. anp E. Vanior. 1902. Carex de Corée. Bull. Acad. 
Internat. Géogr. Bot. 11: 305-307. 


Contains various new spp. 


1903-1904. Carex de Corée. Ibid. 12: 599, 600; 13: 15. 
A list of spp. 


1908. Solanacées nouvelles. Monde des Pl. II 10: 37. 
Solanum fauriei and S. anodontum from Korea are deser. These descrip- 
tions are republished in Repert. Sp. Nov. Fedde 6: 126, 1908. 
LINDLEY, J. 1856. Wetgela coraeensis. Gard. Chron. 1856: 676. 


A native of Korea. 


1867. Goodyera (Georchis) macrantha, Maxim. Ibid. 
1867: 1022. 


A native of Japan and Korea. 
1861. Pinus koraiensis, Siebold. Ibid. 1861; 1114. 


Maekawa, F. 1936. Arisaema robustum Nakai. Icon. Pl. Orient. 
#251, 52; pk 23: 


A native of Japan and Korea. 


Mary Cuare, Sister. 1929. Some wayside flowers of central Korea. 
Trans. Korea Branch Roy. Asiat. Soc. 18: 22-82. 12 plates, some 
in color. 


This article, written in popular style by a member of the Community of St. 
Peter, inel. ‘‘Herbae Koreanae, being a first list of some of the commonest 
herbaceous plants found in Korea.’’ This Herbae is preceded by a wayside 
survey of the most common non-woody plants, giving the months in which 
they are in flower and the colors which predominate. There is a glossary 
of terms and an index to the plants. 99 dicots are given and 10 monocots. 


Masamune, G. 1931. A table showing the distribution of all the 
genera of flowering plants which are indigenous to the Japanese 
Empire. Ann. Rept. Taihoku. Bot. Gard. 1: 51-92. 


This is a list of 1,437 genera with a tabulation of their distr. from Kam- 
chatka to Korea, Formosa, and the Bonin Islands. 


18 Sister Alice Maria Goode 


Matsumura, J. 1895. A new Corean Thalictrum. Bot. Mag. Tokyo 
9: 276. 


Thalictrum coraiense is discussed. 


1899-1901. Notulae ad plantas asiaticas orientales. Ibid. 

ICI 
These articles contain notes and descriptions in Latin of various old and new 
spp. 

Maximowicz, C. J. 1859. Primitiae florae Amurensis. Mém. Acad. 
Sci. St. Pétersb. Sav. Etrang. 9: 1-504, pl. 1-10, map. 
A eritical enumeration of 912 spp., many descr. as new, with a description 
of the region, types of vegetation, floral statistics, ete. 

McCungz, G. M. 1950. Korea today. New York. Institute of Pacific 
Relations. 373 p. 


McCunz, S. 1941. Rural geographic landscapes in Korea. Korean 
Research Bulletin 1, Sept. 1943. 


The important geographic elements for each of the 9 landscapes is given 
and a summary of the influence of the physical elements. A map and a 
statistical comparison of the 9 areas are inel. 

1949. Regional diversity in Korea. Korean Review, Sept. 
1949, p. 3-13. 


Miki, 8S. 1932. On sea-grasses new to Japan. Bot. Mag. Tokyo 46: 
744-788, pl. 13. 


Korean spp. of Zostera are treated. 


Mitus, R. G. 1921. Ecological studies in the Tong-nai River Basin, 
Northern Korea. TYrans. Korea Branch Roy. Asiat. Soc. 12: 1-78, 
pl. 1-20. 


This work gives lists of the vegetation found in the various plant zones, 
such as sandy banks, grass lands, ete. At the end there is a complete table 
giving the plant situations, as well as an alphabetical tabular list of vascu- 
lar plants. This is good for the study of topography, geology, and climate. 
Pictures of stands are inel. 


Mryasg, K. anp Y, Kup6. 1920-1932. Icones of the essential forest 
trees of Hokkaido. 3 vol., 86 plates. 
This work covers Korea also. Explanations are given in Japanese and 
English. The first vol. was published in 10 fascicles. 

Mori, T. 1922. An enumeration of plants hitherto known from 
Korea. Published by the Gov’t of Chosen, Seoul. 546 p., 5 plates. 


Contains an enumeration of Korean plants based mostly upon the specimens 
which were investigated and named by Nakai, and also upon the Korean 
plants fragmentarily mentioned in Komarov’s Flora Manschuriae. It con- 
tains 60 families, 888 genera, 2,904 spp., and 506 varieties. Of these, 395 
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genera, 1127 spp., and 168 varieties are native to Korea but are extra 
Japanese elements. Those endemie to Korea are specified, numbering 190 
genera, 439 spp., and 34 varieties. This book is useful for the study of the 
elements of Korean flora in general as it gives botanical explorations, bib- 
liography, statistics, ete., in English and Japanese. There are separate in- 
dexes to the Latin, Japanese, and Chinese names, the introduction, contents, 
ete., being paged separately. 

Mort, T. AND U. Kagrwara. 1927. A list of plants from Mt. Hakuto. 


Jour. Chosen Nat. Hist. Soc. 4: 39-54. 
This contains a systematic list of 509 spp. from this mountain on the frontier 
of Korea and Manchuria. 


Morrison, B. Y. 1928-1930. The gardener’s pocket-book. Nat. Hort. 
Mag. 7-9. 
This consists of a series of short papers contributed by various authors, 
containing horticultural notes and photographs of many eastern Asiatic spp. 


Mortet, S. 1921. A new fir from Korea (Abies koreana). Gard. 
Chron. III 69: TT. 


1922. Un nouvel Abies: L’Abies koreana Wils. Rev. Hort. 
Paris 1922: 8-10. 


A native of Korea. 


1929. Le pin de la Corée. Ibid. 101: 479, 480. 
A general description of Pinus koraiensis. 
Murata, U. 1932. Dictionary of Korean and Manchurian plants. 
778 p. Tokyo. 


The text is in Japanese but the nomenclature of the plants is given in 
Latin. There is a comparison of native names. 

Naxkal, T. 1908. Polygonaceae Koreanae. Jour. Coll. Sci. Univ. 
Tokyo 23: 1-28. 


An enumeration with a key and description of varieties of the buckwheat 
family of plants in Korea—jointweed, knotweed, ete. 


1908. Plantae Imagawanae. Bot. Mag. Tokyo 22: 51-54, 
59-62, 77-80, 103-108. 
An annotated enumeration of plants collected in Korea and Manchuria in 
1905. ._No new spp. are deser. 


1908. List of plants collected at Mt. Matinryong, Korea. 
Ibid.; 179-182. 
List of 56 spp. 
———. 1909. Aliquot novae plantae ex Asia orientali. Ibid. 23: 99- 
108. 


Descriptions of 14 spp. and keys to the Japanese, Korean, and Formosan 
spp. of Geranium. 
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1909. Plantae novae Asiaticae. Ibid.: 185-192. 
Descriptions of 21 spp. of various genera. 

1909-1911. Flora Koreana. Jour. Coll. Sci. Univ. Tokyo 
Vor -304 Palo wod = A-oo ae 20: 
A thorough study of Korean plant life (in Latin). There is a brief ae- 
count of botanical explorations, a list of known vascular plants with refer- 
ences, vernacular names (romanized), localities, collectors, and general range. 
Keys down to the spp. are given for nearly all groups except grasses and 


ferns. There is an index to the genera, with 35 full page lithograph plates. 
Pages 426-517 consist of additions and corrections. 


1910. Apereu sur la flore de Corée. Bull. Acad. Internat. 
Géogr. Bot. 20: 227-228. 
A general description. 

1911. A preliminary note on a new genus of Campanulaceae 
found in Korea. Bot. Mag. Tokyo 25: 160-162. 


A description in English of Hanabusaya, with notes in Japanese. 


1911-1935. Notulae ad plantae Japoniae et Koreae. Ibid. 
There are 48 parts beginning Part I in Vol. 25, 1911, and ending with 
Part XLVIII in Vol. 49, 1935. For a list of the species treated, see Merrill 
and Walker: Bibliography of Eastern Asiatic Botany, p. 342. 

1912. Cyperaceae—Cyperinae Japono-Coreanae. Ibid. 26: 
185-207. 


A revision without new spp. 47 genera from 14 families are enumerated but 
not keyed. 

1912. Plantae Hattae; vel, Materiae ad floram Koreanum 
et Manshuricam. Ibid.; 1-10. 
There is a systematic annoated enumeration of 94 spp. 


1912. Plantae Millsianae Koreanae. Ibid.: 29-49. 
An enumeration of 215 spp. of vaseular plants from 53 families. Mills 
sent them to Nakai to be determined. Not all are Korean plants. There 
is a short enumeration in Latin, with data and vernacular names (in kana). 
1912. De cirsio Japonico et Coreano: Tentamen systematis 
generis Cirsii praecipue in Japonia et in Corea crescentis. Ibid.: 
351-383. 


A revision of the genus Cirsiwm, inel. several new spp. 


1913. Terauchia, a new genus of Liliaceae found in Korea. 
Ibid. 27: 441-443. 


Incl. T. anemarrhenaefolia sp. nov. Deseription in Latin. 


. 1918. De nonnulis Asparagis Alliis Japonicis et Coreanis. 
Tbid.: 213-216. 


Notes and deseriptions of 12 spp., incl. 5 new ones. 
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1913. Index plantarum Koreanarum ad floram Koreanam 
novarum, I. Ibid.: 128-132. 


A list of 132 new names, incl. many new spp. 


1914. Plantae novae Coreanae et Japonicae. Repert. Sp. 
Nov. Fedde 13: 243-250, 267-278. 


Miscellaneous new spp. are treated. 


1914. Enumeration specierum filicum in insula Quelpart 
adhue lectarum. Bot. Mag. Tokyo 28: 65-104. 
An annotated enumeration of 139 spp. belonging to various genera. None 
are descr. as new. 

1914-1915. Plantae novae Japonicae et Koreanae, II, III, 
IV. Ibid.: 301-315, 326-334; 29: 1-13. 
This is apparently a continuation of Nakai’s Index Plantarum Koreanarum, 
1913. 

1915. Philadelphus Japono-Coreanae. Ibid. 29: 63-67. 


A revision including 7 spp., 2 deser. as new. 


1915. Synopsis specierum Koreanarum generis Saussureae. 
Tbid.: 189-210. 


A revision inel. several new spp. 


1915. Investigation of the flowers of Chisan (Chirisan). 
Seoul. 98 p. 


The text is in Japanese but the lists are in Latin. This enumerates 470 spp. 
found on this mountain of Korea. 


1915-1921. Praecursores ad floram sylvaticum Koreanum. 
Bot. Mag. Tokyo 29-35. 


This Praecursores, in 11 parts, gives a systematic treatment of some of the 
most common trees and plants, with keys, notes, and descriptions of various 
new spp. A list of the families covered is given in Merrill and Walker: 
A Bibliography of Eastern Asiatic Botany, p. 343. 


1915-1939. Flora sylvatica Koreana. Pars I-XXII. 22 
vol., illus., including maps and plates. Keijyo. 
Deseriptive treatment of woody plants, family by family (not in systematie 
order) with bibliography, account of local botanical investigations and uses 
(in Japanese), full descriptions, synonymy, vernacular names, citation of 
specimens and extra-limital range (in both Japanese and Latin) with fre- 
quent annotations in English, and sometimes maps showing range. The her- 
baceous spp. in each family are generally listed. Excellent plates illustrate 
all the woody spp. An index to the families covered through Part XXI is 
given in Merrill and Walker, p. 343, 344. 


1916. Eleagnus Japoniae, Coreae et Formosae. Bot. Mag. 
Tokyo 30: 72-76. 


An enumeration of 17 spp., incl. a key. Three spp. are deser. as new. 
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1917. Ligularia coreana. Ibid. 31: 121-127. 


A revision with 9 spp., 3 deser. as new. 


1917. Sambuci Japonici et Coreani. IJbid.: 210-214. 


a 


A revision containing 6 spp. inel. 2 new spp. and several transfers. 

1917. Trigonotis Japono-Coreanae. Ibid.: 215-218. 
A revision with 6 spp. inel. T. coreana sp. nov. 

1918. <A new attempt to the classification of the genus 
Arabis growing in Japan, Corea, and the Kuriles. Ibid. 32: 233- 


248. 
A new classification of 20 spp. of Arabis is given in the key. Bibliography, 
synonymy, and distribution are also given. 

1918. Reports on the vegetation of Diamond Mountain, 
Corea. Illus., plates, map. Seoul. 204 p. 


Geography, climate, plant zones, floral regions with lists of spp., tabular 
list of spermatophytes (714 spp.) showing occurrence in other parts of the 
Japanese Empire and adjacent regions; a list of pteridophytes (59 spp.), 
mosses, and lichens; an annotated list of endemic spp., list of useful trees, 
ornamental and medicinal plants, ete. In Japanese except for botanical 
names Detailed drawings of several plants, some in color. 


1918. Florula of Mt. Paik-tu-san, or A scientific research 
of the plants growing over the regions of Mt. Paik-tu-san (Mt. 
Chang-pei-shan) which elevates on the boundary of Corea. Illus., 
plates, map. Seoul. 76 p. 


Plant associations, ete., list of vascular plants (307 spp.). In Japanese ex- 
cept for botanical names. 


1919. Genus novum Oleacearum in Corea media inventum. 
Bot. Mag. Tokyo 33: 153, 154. 
Latin diagnosis of the new genus Abeliophylum. 

1919. Taxaceae et Coniferae in flora Coreano-Manshuria 
novae. Jour. Jap. Bot. 2: 9-12. 
A synopsis, incl. the new sp. Picea korensis, from Korea, deser. in Latin. 

1920. Chosenia—a new genus of Salicaceae. Bot. Mag. 
Tokyo 34: 66-69. 
This inel. C. splendidea which is found in Korea. 

1921. Deutza in Japonica, Corea et Formosa indigena. 
Ibid. 35: 81-96. 


The author classifies Japanese Deutzia into 2 sections and 3 subsections. 
19 sp., are enumerated. 


1921. lLabiatae Coreanae. Ibid.: 169-183, 191-205. 


An enumeration of all spp. and varieties of the Korean mint family. It com- 
prises 61 spp. and 15 varieties belonging to 25 genera. This is a compre- 
hensive enumeration without a key. 
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1923. Genera nova Rhmanacerum et Leguminosarum ex 
Asia orientali. Ibid. 37: 29-34. 
A criticism and description regarding several new genera of these two 
families. 

1927. Lespideza of Japan and Korea. Bull. For. Exper. 
Sta. Chosen 6: 1-101, pl. 1-14. 


This is a new elassification and key to 27 spp. of Japanese and Korean 
Lespideza. The author has given Latin diagnosis, photographs, and the hab- 
itat of all species and varieties. This article reviewed in Bot. Mag. Tokyo 
41: 566-567 where it is reprinted without change of pagination. 


1928. The flora of Tsusima and Quelpaert as related to those 
of Japan and Korea. Proc. Third Pan-Pactfic Sct. Congr. Tokyo 
p. 893-911. 


General in nature, containing unannotated lists of the ligneous plants of 
Tsusima (231 spp.) and Quelpaert (274 spp.). Also gives some geology and 
phytogeography. 

1928. The vegetation of Dagelet Island: Its formation and 
floral relationship with Korea and Japan. Ibid. p. 911-914. 


The discussion is general in nature. 


1928. Une nouvelle systématique des Salicacées de Corée. 
Bull. Soc. Dendr. France p. 37-51. 


A translation by L. A. Dode from Nakai’s manuscript containing a critical 
arrangement with descriptions of several spp. 


1935. Species Joholenses generis Aconti. Repert. First 
Sci. Exped. Manchoukuo. Sect. IV: 127-163. 


A systematic treatment of Aconitum in Japanese and English, containing a 
key, several plates, and descriptions of new varieties found in North China, 
Manehuria, and Korea. 


1935-1942. Iconographia plantarum Asiae orientalis. 4 
vol., 242 p. Tokyo. 
A series of drawings of miscellaneous spp.; 131 plates. Descriptions are in 
Japanese and English by various authors. 

_ 1936. Weirgelia and its akins in Japan proper and Korea, 

I-II. Jour. Jap. Bot. 12: 1-17, 71-88. 8 text figs. 
A systematic treatment in which several new spp. of Weigelia and Diervilla 
are descr. 

1938-1949, Notulae ad plantas Asiae orientalis, V-XX. Ibid. 
14-18. 


This work in 34 parts (I have found no reference to parts I-IV) gives keys, 
descriptions, and eritical notes of many Korean spp. of plants belonging to 
many families. 
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1949. New classes, orders, families, subfamilies, tribes, and 
genera of Korean plants. Ibid. 24: 8-14. 
This work, in Latin, incl. the new families Paulowniaceae, Botrychiaceae, and 
Aldrovandaceae. 

1950. Persicaria, Morus, and Cirisium. Bot. Mag. Tokyo 
25: 129-135. 

1952. <A synoptical sketch of Korean flora, or the vascular 
plants indigenous to Korea, arranged in a new natural order. 
Bull. Nat. Sct. Musewm 17: 12-152. 


In the introduction the author gives a very good account of his investigation 
of Korean flora. He brings out the fact that there are 60 genera indigenous 
to Korea and not found in Japan, while genera indigenous to Japan and not 
found in Korea number 264. In the synoptical sketch he lists 968 genera, 
consisting of 4191 kinds of vascular plants, which are indigenous to Korea. 
This is merely a classification, not a key or a description. 


— AND H. Honpa. 1938-1940. Nova flora japomca, vel Descrip- 


tiones et systema nova omnium plantarum in Imperio Japonico 
sponte nascentium. 6 vol., illus. Tokyo and Osaka. 


Taxonomic treatment of groups of vascular and eellular plants by various 
authors; in Japanese except for botanical names and references. 


Norton, J. B. 1916. Liliaceae. Sarg. Pl. Wils. 3: 1-13. 


This incl. a key and an enumeration of the Chinese and Korean spp. of 
Smilax. 


O’GormAN, D. A. 1893. Ginseng and its cultivation in Corea. Jour. 


Manchester Geogr. Soc. 9: 262, 263. 


Consists of general notes, mostly economic. 


Ouwt, J. 1930-1931. Contributiones ad caricologiam Asiae orientalis. 


Mem. Coll. Sct. Kyoto Umv., Ser. B, 5: 247-292; 6: 239-271. 


Notes and descriptions of various new and old spp. of Carex from Japan 
and Korea. 


1933. Symbolae ad floram Asiae orientalis. Acta Pt. 
Geobot. 2: 25-36, 102-108, 149-170. 


Critical notes and descriptions of Korean varieties of Hlocharis, Carex, and 
Habenaria. The rest are Japanese plants. 


1936. Cyperaceae Japonicae I. Mem. Coll. Sci. Kyoto 
Unw., Ser. B, 11: 229-5380, pl. 6-15. 21 text figs. 
Synopsis of the Caricoideae of Japan, incl. the Kuriles, Saghalin, Korea, and 
Formosa. A key and descriptions of 284 spp. in Latin, with an introduction 
in English. This gives a summarized report on the genera of Carex and 
Kobresia since 1927. 

1944. Cyperaceae Japonicae II. Mem. Coll. Sci. Kyoto 
Umv., Ser. B, 11: 1-182. 


A synopsis of the Rhynchospoideae and Scirpoideae of Japan, incl. the 
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Kuriles, Korea, and Formosa; a taxonomic work in Latin with keys and 
descriptions of these 2 tribes. 

Ouiver, D. 1865. Notes upon a few of the plants collected, chiefly 
near Nagasaki, Japan, and in the islands of the Korean Archi- 
pelago, in the years 1862-1863, by Mr. Richard Oldham, late bo- 
tanical collector attached to the Royal Garden. Jour. Linn. Soc. 
Bot. 9: 163-170. 

Critical notes on various old and new spp. in several genera and families. 

Ouiver, R. T. 1948. The Republic of Korea looks ahead. Washing- 
ton. Korean Pacific Press. 

A short pamphlet in which the importance of agriculture is stressed. 

OpperT, E. 1880. A forbidden land. New York: Putnam. 349 p. 


Voyages to Korea, with an account of its geography, history, products, and 
commercial capabilties, ete. 2 folded maps. 


Ossorn, A. 1929. Salix Matsudana, Koidz. Gard. Chron. III 86: 
307. 
Native of China, and Korea, and Manchuria. 
1930. Stewartia koreana, Naka. Ibid. 88: 135. 
A general note on this native of Korea. 
PauiBIn, J. W. 1898-1901. Conspectus florae Koreae. Acta Hort 
Petrop. 17: 1-128. 1898; 18: 147-198. 1900; 19: 101-151. 1901. 


Botanical explorations in parallel Russian and Latin. Annotated list of 
644 plants with synonymy, citations of specimens and extralimital distribu- 
tion. The following families are discussed: Ranunculaceae, Campanulaceae, 
Erieaceae, Salicaceae, Orchidaceae, and Filices. 


Pauua, EK. 1910. Cyperaceae Sino-Coreaneae and Japonicae. Monde 


des Pl. II 12: 39, 40. 


A list of 44 spp. collected by Faurie and Chanet with several new spp. indi- 
eated as ‘‘nomina nuda.’’ 


PaMPANINI, R. 1930. Quinto contributo alba conoscenza dell’ Ar- 
tesisia verlotarum. Nuov. Giorn. Bot. Ital. 36: 395-547. 5 
maps, 6 plates. 


A few Korean spp. are revived. 

Paxton, J. 1848. Wezgela rosea. Paxton’s Mag. Bot. 14: 247-250. 
Native of Korea. 

PETERMANN, W. L. 1840. In codicem botanicum Linnaeanum index 
alphabeticum generum, specierum et synonyorum ommum com- 


pletissimus. 202 p. 
This forms the index of H. E. Richter, 1835-1840. 


Pieters, A. J. AnD G. P. Van Eseutine. 1924. Korean lespedeza: 
a new forage crop. U.S. Dept. Agr. Cire. 317; 1-14. 
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PoELLNITzZ, K. von. 1930. Corydalis filistipes Nakai. Rept. Sp. Nov. 
Fedde, Beth. 47: 119. 
This rare specimen from Korea is fully deser. There are specimens in only 
3 herbaria—6 in Tokyo, one in Korea, and one in the Botanical Museum in 
Dahlem. 


Prarcer, R. L. 1918. Notes on Sedum Il. Jour. Bot. Brit. and For. 
56: 149-152. 
A new sp., Sedum Taquetii, from Korea, is deser. 

Purpus, A. 1914. Viburnum Carles Hemsl. Eim_ pachtvoller 
Bliitenstrauch aus Korea. Oesterr. Gart.-Zeit. 9: 102, 103. 
A general description. 

ReGen, HE. 1853-1857. Neus Zierpflanzen. Gartenflora. 


This series of articles in Vol. 2-16 consists of abbreviated German translations 
of original descriptions from periodical literature, incl. those of many eastern 
Asiatie spp. 


Reuper, A. 1909. Lonicerae generis species varietatesque asiaticae 
novae vel recentius alio loco ab auctore descriptae. Repert. Sp. 
Nov. Fedde 6: 269-276. 


Sixteen new spp. and varieties, mostly from Tibet, China, and Korea, are 
deser. 


1911-1918. The Bradley bibliography. A guide to the lit- 
erature of the woody plants of the world published before the be- 
ginning of the twentieth century. 5 vol. Harvard: Arnold Arbo- 
retum. 


Compiled at the Arnold Arboretum under the direction of C. S. Sargent, con- 
tains titles of all publications on woody plants incl. books, pamphlets, and 
articles in periodicals, and an extensive subject index. Issued as Publications 
of the Arnold Arboretum, No. 3. 


1919-1933. New species, varieties and combinations from the 
herbarium and collections of the Arnold Arboretum. Jour. Arn. 
Arb. 

The articles in Vol. 1-14 incl. many eastern Asiatic spp. 
—. 1922. Two new Asiatic poplars. Ibid. 3: 225-227. 
Populus koreana from Korea is discussed. 


1924. Forsythia viridissima var. koreana. Ibid. 5: 134, 135. 


Remmers, H. anp K. Saxurar. 1931. Beitrage zur Moosflora Japans. 
Bot. Jahrb. Engler 64: 537-560, pl. 19-22. 


An enumeration of the Japanese and Korean collection of Sakurai, inel. de- 
scriptions of various new spp. and forms. 


Ricuter, H. E. 1835-1840. Caroli Linnaei, systema, genera, species 


plantarum, wno volumine.... 1102 p. 
Consists of a republication of all the Linnaean descriptions, including those 
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spp. of eastern Asia known to him. For title of Index see Petermann, W. L., 
1840. 


Roxsy, P. M. 1923. Afforestation in Korea. Scott. Geogr. Mag. 
39: 3-16. 


Sr. Paun, U. von. 1898. Rhododendron mucronulatum Turezaninoy. 
Mitt. Deutsch. Dendr. Ges. 7: 58-65. 
This sp. was introduced from Korea. A colored plate inel. 

Saint-Yves, A. 1924. Festucarum varietates novae. Bull. Soc. Bot. 
France 71: 28-43. 
This incl. F. ovina coreana St. Y. from Korea. 

Sarcent, C. 8. 1922. Fifty years of the Arnold Arboretum. Jour. 
Arn. Arb. 3: 127-171. 
Korean explorations are treated on these pages. 

Sasaoka, H. 1933. Catalogue of the Bryales of Korea. Jour. 
Chosen Nat. Hist. Soc. 16: 23-35. 


Scuuuz, O. E. 1921. Neuve asiatische Cruciferan. Repert. Sp. Nov. 
Fedde 17: 289-290. 

Inel. new spp. from China and Korea. 

Scripa, L. 1913. Cladonien aus Korea. Hedwigia 53: 173-178. 
This is merely a list, with critical notes. 

Seaty, J. R. 1936. Forsythia ovata. Curtis’s Bot. Mag. 159: pl. 
9437. 

Native of Korea. 

Sresoitp, P. F. von. 1917. Archiv zur Beschreibung von Japan und 
dessen Nevenund Schultzlandern Jeso mit den sudlichen Kurilen, 
Sachalin, Korea, und den Inekiu Inseln. 2 vol. 421 pl.; 342 p. 

A general traveller’s account with observations on the flora. 

Sxvortzov, B. V. 1919. Notes on the agricultural botany and 
zoology of China. Jour. N. China Branch Roy. Asiat. Soc. 1: 
49-107. 

Korea is only sketchily mentioned. 

SpracuE, T. A. 1914. Vitis Thungergw. Curtis’s Bot. Mag. 140: 
pl. 8558. 

A native of China, Korea, and Japan. 


1915. Hnonymus oxyphyllus. Ibid. 141: pl. 8639. 


A native of Japan and Korea. 


1928. Notes on Chinese, Korean, Japanese, and Tibetan 
accessions. Rept. Libr. Congr. 1928: 287-316. 
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1931. Notes on Chinese, Korean, and Japanese accessions 
on materia medica, medicine, and agriculture. Ibid. 1931; 290- 


310. 
Srapr, O. 1908. Pyrus sinensis. Curtis’s Bot. Mag. 134: pl. 8226. 
A native of Manchuria and Korea. 
1924. Stellera Chamaeiasme. Ibid. 150: pl. 9028. 
This sp. oceurs in central Asia to western and northern China and Korea. 
1925. Diervilla venusta. Ibid. 151: pl. 9080. 
A native of Korea. 
1927. Salix gracilistyla. Ibid. 152: pl. 9122. 
A native of Korea and Japan. 
1931. Rhododendron parvifolium. Ibid. 154: pl. 9229. 
A native of Korea and Siberia. 
Swinete, W. T. 1922-1923. Orientalia: Aquisitions. Rept. Lobr. 
Congr. 1922: 176-190; 1923: 171-195. 


Contains critical bibliographical notes on many early Japanese, Chinese, and 
Korean botanical works. 


Tagawa, M. 1932-1936. Spicilegium pteridographiae Asiae ori- 
entales, I-XII. Acta Pt. Geobot. 1-5. 
Parts I, IV, and V contain Korean spp. 
1938. Spicilegium pteridographiae. Ibid. 7: 184-191. 
Descriptions of new spp. are in Latin and Japanese. 
1939. Gymnogrammeae of Japan, Korea, and Formosa. 
Jour. Jap. Bot. 15: 421-433. 


TakeEDA, H. anp T. NaKkar. 1909. Plantae ex insula Tschedschu. Bot. 
Mag. Tokyo 23: 46-58. 
An enumeration, in German, including a few new spp. and tables giving 
additional geographic distribution. This island is the same as Quelpaert 
Island (Cheju-Do). 

Taytor, Auice. 1950. Korean backdrop. Focus. 1: Oct. 15. 4 p. 


A brief, but very good geographical interpretation of Korea is presented. 
The accompanying maps are good. In table form, the northern and southern 
sections of Korea are compared as to area, population, mineral production, 
agricultural production, and cultivated areas. 


Tozawa, M. anp T. Naxar. 1929. Atlas illustrating geographical 
distribution of Korean woody plants and bamboo. Bull. For. 
Exper. Sta. Chosen 10: 4 lvs., 25 maps. 

This is a folio-sized atlas in Japanese and English, with 25 maps. 

TroutuopE, M. N. 1918-1920. Arboretum Coreense, I-II. Trans. 
Korea Branch Roy. Asiat. Soc. 9: 69-90; 11: 39-100. 


A eatalog of vernacular names of 153 common trees and shrubs found in 
Korea. Besides the vernacular names, the English and botanical names are 
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given. It is more a philological than a botanical work, taking the com- 
monest names of trees and shrubs in use in Korea and identifying them to 
determine as nearly as possible their European or American equivalant. 
However, a description of each plant listed is given. 

TurritL, W. B. 1920. Symphyandra asiatica, Curtis’s Bot. Mag. 
146: pl. 8873. 


A native of Korea. 


Unperwoop, H. H. 1931. A partial bibliography of occidental lt- 
erature on Korea from early times to 1930. Trans. Korea Branch 
Roy. Asiat. Soc. 20: 17-185. 

The bibliography on botany is found on p. 158-162. For the Supplement, 
see Gompertz and Gompertz. 

Uyexkt, H. 1925. Some new varieties of Corean ligneous plants and 
their value from the standpoint of arborculture. Bull. Agr. For. 
Coll. Suigen 1: 2-23. 

This work considers 17 spp. and varieties of Pinus, Populus, Pyrus, Prunus, 
Paulownia, and Castanea. 

1925. On the species and their distribution of wild pines 
in Chosen and Manchuria. Jour. Chosen Nat. Hist. Soc. 3: 35-47. 
A synopsis in Japanese incl. English descriptions. 

1926. Corean timber trees. Bull. For. Exper. Sta. 4: 1-16. 
A manual in Japanese but there are plates consisting of photographs of a 
whole tree or its parts with a map showing its distribution. 

1927. The seeds of the genus Pinus as an aid to the identi- 
fication of species. Bull. Agr. For. Coll. Swigen 2: 1-129. 


A comprehensive key to all known spp. is inel.; also a bibliography. 


1929. Four new ligneous plants from Corea and Manchuria. 
Jour Chosen Nat. Hist. Soc. 9: 20, 21. 


The Korean plants, Phyllostachys compressa and Acer nakaii, are discussed. 
1932. Cupuliferae novae Koreanae. Acta Pt. Geobot. 1: 
253-207. 
Ten new spp. and varieties are descr. 
1934. The regeneration of conifers in Korea. Proc. Fifth 
Pacific Sci. Congr. Canada 2: 973-979. 


A general summary. 


Uvekxl, H. anp T. Sakata. 1938. Notulae ad plantas novae Koreae. 
Acta Pt. Geobot. 7: 14-19. 


Critical notes on new spp., varieties, and forms of various spp. Résumé in 
Japanese. 
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Vaniot, KE. anp H. Litverys. 1909. Compositae Coreanae novae a 
R. P. Urb. Faurie lectae et ab E. Vaniot and H. Léveillé de- 
terminatae. Bull. Acad. Internat. Géogr. Bot. 20 Mém: 139-145. 


18 new spp. are deser. The title on the volume cover is: Compositées nou- 
velles de Corée. 


VeircH, J. H. 1893. A traveller’s notes. Gard. Chron. III 13: 
228-230, 260-262, 287, 568-570; 14: 40-42, 179, 180, 298, 299, 395, 
427, 428, 461, 462, 556, 557, 715, 716. 

The above references contain notes on the vegetation of Korea. The rest 
is concerning Hongkong, Canton, and Japan. 

1896. A traveller’s notes, or Notes of a tour through India, 
Japan, Corea... during the years 1891-1893. 219 p., map. 
General notes on the flora are inel. 

Waker, HE. H. 1940. A revision of the eastern Asiatic Myrsina- 
ceae. Philip. Jour. Sct. 73: 1-258. 37 figs. 


A monographie treatment of spp. of Maesa, Ardisia, Embelia, and Raphanea 
from China, Japan, and Korea, with history, general morphology, distribu- 
tion, keys, and full description. 

WANGERIN, W. 1907-1908. Cornaceae novae. Repert. Sp. Nov. 
Fedde 4: 335-337. 1907; 6: 97-102. 1908. 


Incl. 8 new spp. and varieties of Cornus and Helwingia from China and 
Korea. 


Weaver, O. T. 1949. FCA becomes FFA in Korea. News for 
Farmer Cooperatives. Washington. Farm Credit Administra- 
tion, U. S. Dep’t of Agr. 


The article tells how the Federation of Financial Association of Korea 
performs many of the same services for Korean farmers as does the Farm 
Credit Association for farmers in the U. S. The loans of the FFA have 
helped greatly in further Korean agriculture. 


Witson, BE. H. 1905. New and little known lilies. Flora and Sylva 
3: 328-330. 
Inel. a few Korean spp. 
1917-1918. Vegetation of eastern Asia. 6 vol. 


A series of 700 photographs taken by Wilson. They are indexed according 
to the Latin names of the flora. 


1918. The vegetation of Korea. Trans. Korea Branch Roy. 
Asiat. Soc. 9: 1-16, pl. 26. 
A general account, with photographs of trees in stands. 
. 1919. A summary report on the forests, forest trees, and 
afforestation in Chosen (Korea). Trans. Roy. Scott. Arb. Soe. 
33: 41-51. 


A general description with lists of the principal trees, and additional notes 
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by F. R. S. Balfour. The flora treated of in this work are listed in a very 
good review in Botanical Abstracts 3, 1920. 

1919. A phytogeographical sketch of the lgneous flora of 
Korea. Jour. Arn. Arb. 1: 32-43. 


A detailed discussion of the important woods and their localities. The ge- 
ological formation and its influence on the distribution of woody plants is 
deser. also the topography of the area which comprises 84,173 sq. mi. The 
most important and noteworthy trees and shrubs are mentioned with notes on 
their general deseription and economic importance. The author discusses 
succession of forest growth as exemplified by the forests of Korea. The 
coneluding paragraph deals with trees and shrubs of economic and orna- 
mental value. 


1920. Four new conifers from Korea. Ibid.: 186-190. 


Descriptions, characteristics, and locations of spp. of Thuja, Abies, and 
Larix are given in Japanese and in Latin. 


1922. The Rhododendrons of northeastern Asia from the 
Altai Mountains in central Siberia to the Pacific Ocean, including 
the countries of Manchuria, Korea, and Japan. Rhod. Soc. Notes 
2: 93-106. 
A general systematic treatment of 28 spp. with keys. 


1923. Pentactina rupicola. Gard. Chron. IIT 73: 331. 
1923. Rhododendron dauricum. Ibid. 74: 41. 
1923. WSpirea trichocarpa. Ibid.: 87. 


. 1923. The rhododendrons of northeastern Asia. Jour. Arn. 
Arb. 4: 33-56. 


The 4 entries listed above deser. spp. native to Korea. 


1925. The lilies of eastern Asia. A monograph. 110 p. 
Reviewed in Gard. Chron. III 78; 10-12. 


Many Korean spp. are descr. 


1927. Plant hunting. 2 vol. 248 p.; 276 p. Boston: Strat- 
ford Co. 


An account of plant hunting based largely on the author’s experience in 
eastern Asia with many descriptions and illustrations of his introduced 
plants. This is reviewed by A. Grove in Gard. Chron. III 83: 158, 159. 
1928. 

1928. Korean plants in gardens. New Fl. and Sylva 1: 
9-21. 


General notes on various spp. 


1929. Leaves from a plant hunter’s notebook. Horticulture 
7-ol, 16, 10a, 104, 129, 193, 194. 333. 358. 


Seven popular articles with mention of many eastern Asiatic spp. 
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1929. A new Stewartia from Korea. Ibid.: 398. 
A brief popular description of S. koreana. 


Wo.rr, H. 1921. Sium turfosum et 8. diversifolium species novae 
Coreanae. Repert. Sp. Nov. Fedde 17: 172, 173. 


1921. Ligusticum koreanum spec. nov. Ibid.: 154. 
Yase, Y. 1903. Filices Koreae Uchiyamanae. Bot. Mag. Tokyo 17: 
63-69. 
An annotated enumeration of 53 spp. 


1903. Umbelliferae Koreae Uchiyamanae. Ibid.: 105-108. 


An annotated enumeration of 23 spp. in various genera, inel. several new. 


1903. Lilliaceae Koreae Uchiyamanae. Ibid.: 133-136. 


1903-1904. Florula Tsusimensis. Jbid.: 93-98, 122-128, 
187-148, 174-178. 1903; 18: 7-18, 25-30, 37-43. 1904. 
A systematic annotated enumeration of vascular plants incl. a few new ones 
from this island in the Korean Strait; references and localities in Latin. 

1905. Mesozoic plants from Korea. Jour. Coll. Sci. Univ. 
Tokyo 20: 8. 

1908. On the occurrence of the Genus Sigantopteris in 
Korea. Jbid.: 22: 9. 


YAMABAYASHI, N. 1928-1933. Identification of Corean woods in 
Japan. Bull. For. Exper. Sta. Chosen 7: 1-56. 1928; 14: 1-82. 
1933. 


This is in Japanese, but the Latin names are given and 88 pictures of radial, 
longitudinal, and cross sections of many of the Ginkgoales, Coniferae, and 
Fagaceae. 


Yasuiropa, K. 1930. Rosa davurica. Gard. Chron. III 87; 166. 


General notes on this sp. from Korea. 


1930. Iris koreana. Ibid.: 166. 


A brief general note. 


ZAIcHIKoV, V. T. 1952. Geography of Korea. Translated by Albert 
Parry, with an introduction and notes by Shannon McCune. In- 
ternational Secretariat of Pacific Relations. New York. 142 p. 
The first half of the book is a discussion of the geographical elements; the 
last half is a regional treatment of Korea. The agriculture of Korea is deser. 
by means of a rather lengthy cataloging of the different farm products and 
their cultivation, followed by a description of the agricultural regions. The 
reader gets an adequate picture of the geography of Korea, but the whole 
book is colored by the author’s sympathy with the North Koreans. 


Accepted for publication 8 February 1956. 


A Study of the Cottonmouth, Ancistrodon 
piscivorus leucostoma Troost, in Kentucky 


Rogrr W. BARBOUR 
Department of Zoology, University of Kentucky, Lexington 


As OTHER duties permitted during the past three years, I have been 
studying the cottonmouth Ancistrodon piscivorus leucostoma Troost 
in Kentucky. As there is practically nothing in the literature regard- 
ing the status of this species in the state, it is considered advisable 
to put on record my findings to date. 

I am considerably indebted to several of my students, past and 
present, for assistance in collecting and examining the specimens, and 
to the University Research Fund Committee of the University of 
Kentucky for financial assistance. 


DISTRIBUTION 


If one believed the reports of laymen, he would be forced to con- 
clude that the cottonmouth occurs in every stream in Kentucky, and 
abundantly in most. Actually, present valid records indicate the 
cottonmouth to be confined to the western end of the state, reaching 
their greatest abundance in the Jackson Purchase. 

I have observed and collected cottonmouths in only two Kentucky 
counties, Hickman and Muhlenberg. There is evidence that the 
cottonmouth occurs in every county in the Purchase. The specimen 
from Muhlenberg County was taken from a cypress swamp along 
Cypress Creek, in the Green River drainage, and leads me to believe 
the species may be found in suitable areas in several Kentucky coun- 
ties lying east of the Purchase. There are numerous areas long Green 
River and its tributaries below Morgantown and along Tradewater 
River that are apparently good cottonmouth habitat. I should not be 
surprised to find the species in most any extensive swampland in the 
state west of Morgantown. 


CHARACTERISTICS 


The young at birth are brightly colored, the top of the head 
especially so, strongly suggesting the copperhead. The last inch or 
so of the tail is a bright yellow. This yellow generally is lost dorsally 
by the time the animal reaches a length of 410 millimeters, but may 
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remain ventrally, though, less brilliant, until the animal attains a 
length of over 700 mm. 

The brilliance of color exhibited at birth is maintained with little 
change throughout the first year of life of the animal, but after this 
there is a gradual diminution in brilliance until older animals are 
quite dark. In most specimens the belly is strongly mottled, but 
considerable variation is exhibited. 

A total of 44 females and 64 males were examined critically to 
determine if any sexual dimorphism was exhibited in the various 
seale counts. No significant difference was noted. Ventrals on the 
females ranged from 132-139, with an average of 135.3; in the males, 
the ventrals ranged from 131-139 with the same average, 135.3. 
Caudals in the females ranged from 17-56 with an average of 43; in 
the males, caudals ranged from 30-54, with an average of 45.7. Neck 
scale rows in the females ranged from 23-27, averaging 24.8; in the 
males they ranged from 23-26, averaging 24.6. Middle scale rows in 
the females ranged from 23-25, averaging 24.8; in the males, they 
ranged from 23-26, also averaging 24.8. In not one of the 108 snakes 
critically examined were the caudals uniformly single. They were 
arranged in all sorts of unusual combinations of divided and un- 
divided plates, that can be correlated with neither age nor sex. One 
example will suffice: Number 28, a 720 mm. female taken April 17, 
1954, had the following arrangement of caudals, from front to rear; 
16 undivided, 2 divided, 2 undivided, 2 divided, 1 undivided, and 23 
divided. 

One hundred sixty-seven snakes were measured; they ranged in 
total length from 260 to 993 mm. Excluding the obviously juvenile 
snakes, the average cottonmouth in Kentucky is about 700 mm. in total 
length. 

Fig. 1, E shows the size-frequency distribution of the specimens. 
Those snakes with a total length from 200 to 299 mm. are considered 
in the 250 mm. class; those from 300 to 399 in the 350 mm. class, ete. 


HABITAT 


The cottonmouth in Kentucky is a creature of cypress swamps, 
oxbow lakes, bayous, and sluggish streams. 

Undoubtedly the most extensive cottonmouth habitat in the state 
lines in northeastern Hickman County, in the Obion Creek drainage. 
Here is an area of several thousand acres of swampland, with a few 


A Study of the Cottonmouth 35 


6 
2° _¢ 4 
7 7 = 7 
3 N $ 
= 8 = 6 > 6 
3 $ 
Q5 Qs Qs 
3 s 4 s¢ 
«3 7 J 
3 s s 
22 22 we 
Sin SG = 
cet See 
ie Oe 
Aa CLASS SIZE B CLASS SIZE Cc 
-* 
= 
> 
8 
= 
. g 
= 
=? s 
s 
Ag § 
3 
Qs 3 
3 : 
eJ 
3 
3? 
=, 
D CLASS SIZE & CLASS SIZE 


Fig. 1. Size-frequeney distribution of Cottonmouths from Kentucky, taken in 
mid-April, 1954 and 1955. In A, B, and C, specimens from 260-269 mm. in total 
length are included in the 265 mm. elass; those from 270-279 in the 275 class, 
ete. In D, those from 490 to 509 are in the 500 mm. class; those from 510-529 
in the 520 mm. class, ete. In E, specimens from 200-299 mm. are in the 250 mm. 
class; those from 300-399 in the 350 elass, ete. A—Specimens from 260-299 mm. 
in total length. B—Specimens from 300-349 mm. C—Specimens from 350-499 
mm. D—Specimens from 490-1000 mm. E—Total specimens taken. 


acres of deeper water. The area is known locally as Murphy’s Pond. 
The origin of the swamp is obscure, but it was apparently created 
at the same time as Reelfoot Lake, some fifty miles to the southwest. 

The size of the pond proper is quite variable, naturally, but has 
at least one spot that is about eight feet deep (exclusive of mud) 
even in September. 

Cypress grows throughout the area, but buttonbush, willows, and 
roses are the dominant woody plants in the extensive swamplands 
that surround the pond proper. Various species of herbaceous plants 
are exceedingly abundant in the swamp areas, making an almost uni- 
form summer cover about three feet high wherever sufficient light is 
available. 

Numerous sloughs and extensive areas of shallow water ramify 
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throughout this almost impenetrable jungle of vegetation, and it is 
here that the cottonmouth reaches its greatest abundance in the area. 


ABUNDANCE 


The cottonmouth, because of its restricted habitat and distribu- 
tion, should not be considered a common Kentucky snake. I am con- 
vinced, however, that in places the species reaches a population 
density exceeded by no other snake in the state. It is practically im- 
possible to obtain an accurate count of the snakes in a given area for 
several obvious reasons, but counts in several small areas of approxi- 
mately a thousand square feet each indicates a population in selected 
sections of the swamp exceeding 300 cottonmouths to the acre. On 
April 9, 1955, five men, including the author (two experienced col- 
lectors, two beginners, and one sack carrier) caught 50 cottonmouths 
in two hours. No count was kept of those we saw and did not catch. 
On numerous occasions I have seen as many as four or five snakes 
sunning themselves on the same pile of drift. A native of the area 
told me that in early April of 1953, he stood in one spot on a beaver 
dam and shot 18 cottonmouths as fast as he could reload his shotgun. 


Hapsits 


In late August and early September the snakes begin a rather 
leisurely exodus from the swamplands of Murphy’s Pond to the 
adjacent low wooded hillsides. Here they go into any available hole 
in the ground to hibernate. 

In spring, with the advent of warm weather, they forsake the 
winter holes and return to the swamp. <A few consecutive warm 
days in March will set off the migration. In early April a few 
youngsters born the preceding fall may still be found in the woods, 
hiding under logs and stumps, or even actively on their way to the 
water, but the larger snakes are well distributed in the swamps. The 
youngsters are almost wholly confined to the first hundred yards of 
the swamp immediately bordering the hillsides. By late April the 
youngsters are farther from the hills, and by June are well distributed 
throughout the swamp. 

During the day, the cottonmouth is essentially inactive, lying 
sometimes coiled, sometimes not, in shaded areas when the sun is 
shining brightly, and in the sunlight when the days are cool. They 
are frequently to be found on the mud at the edge of a pool or slough, 
but more often on some pile of emergence trash or vegetation. The 
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smaller snakes are frequently to be found draped about a cypress 
knee, where they are quite difficult to see. During the day, the snakes 
are not easily disturbed and will generally lie perfectly still and 
allow one to approach within two or three feet. The larger indi- 
viduals appear to be somewhat more wary and more easily alarmed 
than the smaller ones. 


Foop AND FEEDING 


Forty-two of the 167 snakes examined contained food. Siren 
intermedia was the most abundant food item in both volume and 
occurrence. Frogs of the genus Rana ranked second. Together, these 
two items comprised almost two-thirds of the food of the snakes. The 
other food items were distributed among the fishes, reptiles, and 
other amphibians. 

In captivity they take mice readily, but I have found no mammals 
in wild specimens. This may well be due to the fact that small mam- 
mals are rare in the swampy areas normally inhabited by the snakes. 

On numerous occasions I have observed that the cottonmouth, in 
contrast to the copperhead and rattler, frequently retains a grip on 
animals struck. This is perhaps an adaptation to a semi-aquatic 
existence, where it would be difficult to trail a wounded prey. 

Although there is little doubt that a hungry snake would take 
food whenever the opportunity presented itself, active foraging for 
food begins in the late afternoon or early evening and continues well 
into the night. Possibly those snakes whose foraging is not successful 
continue throughout the night and into the next morning. In any 
event, I have seen empty snakes foraging for food shortly after day- 
break. 

While swimming in search of food and the head and anterior two 
or three inches of the body extend out of the water. The head is 
bent forward, paralleling the surface of the water. When disturbed, 
they lower the head and body to the water and swim rapidly away, 
sometimes on the surface, sometimes, diving. As evidenced by what 
they eat, they will take food under the water, on the surface, on land,. 
and will even climb into vegetation for food. 


REPRODUCTION AND GROWTH 
Ten females, taken on April 17 and 18, 1954, contained from two to 
ten ovarian eggs each, averaging 4.7. The eggs ranged from five to 
20 mm. in their greatest dimension, and averaged 15.6 mm. The 


38 Roger W. Barbour 


TABLE I. RrsuLTs or StomacH ANALYSES OF 42 Foop-ConTAINING Ancistrodon 
piscivorus leucostoma COLLECTED IN APRIL, JUNE, AND SEPTEMBER, IN 
MurpHy’s Ponp 
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snakes averaged 688 mm. in total length, with a range from 600 to 
783 mm. 

On September 3, 1953, I took an adult cottonmouth from a patch of 
oak woods on a hillside at the north border of Murphy’s Pond. With- 
in a half-hour after capture, she gave birth to three 260 mm. young. 
This observation, coupled with the facts that: in September small 
young are absent from the swamp; in April small young are to be 
found only about the periphery of the swamp adjacent to wooded 
hillsides whereas adults are well scattered; and in June both adults 
and small young are well distributed throughout the swamp, indicates 
that the young are born on wooded hillsides adjacent to the swamp, 
apparently shortly before hibernation begins. 

A total of 152 cottonmouths were collected in Murphy’s Pond on 
April 9, 1955, and April 17, 18, and 19, 1954. Measurements of the 
total length of these specimens reveal that they fall into four rather 
well defined size groups, bearing out a general impression of this 
derived from field work. It is logical to conclude that in part, at least, 
these size groups are age groups. 

Nineteen of the specimens range from 260-298 mm. Fig. 1, A pre- 
sents data on these specimens. These individuals were undoubtedly 
born the previous fall, and are approximately 7-8 months old. During 
this time they have grown about 25 mm. on the average; however, 
most of their hfe to date has been spent in hibernation. 
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The next larger group, ranging from 312-337 mm. numbers 11 
specimens. These data are presented in Figure 1, B. The majority 
of these animals are apparently 19-20 months old, but there is un- 
doubtedly some overlap with the next larger group. Specimens in this 
group average about 45 mm. larger than the previous group, indi- 
eating a growth of about 45 mm. in the year immediately preceding 
their capture. 

The third group, larger and more variable than either of the two 
younger groups, apparently largely represents animals that are about 
31-32 months old (Fig. 1, C). Undoubtedly there is considerable 
overlap with both the next smaller and larger groups. This group 
averages about 425 mm., and represents an average length increment 
of some 95 mm. over the preceding group. 

The fourth group (Fig. 1, D) includes most of the 43-44 month old 
animals, a few from the previous group, and all of the older speci- 
mens. In this group, individual variation is so great as to practically 
eliminate the recognition of age groups. 

Apparently, the young snakes grow geometrically, rather than 
arithmetically. These data indicate that during the first seven to 
eight months of hfe they grow some 25 mm. on the average; during 
the next twelve months it is some 45 mm.; and the next twelve months 
it is about 95 mm. Obviously this rate of growth cannot continue in- 
definitely. If it continued into the 55-56 month old animals, one 
would expect to find in a random sample of snakes taken in April 
a rather large number of specimens of this age with a total length 
of about 615 mm. A glance at Fig. 1, D reveals that more specimens 
were in the 600 mm. class (590-609) than in any other size group 
above the 500 mm. size class. Also, if this rate of growth continues 
as indicated above, in a sample of snakes taken in April one would 
expect but few snakes in the general size range of 520 mm., because 
this size is too small for 55-56 month old animals, and too large for 
the 43-44 month-olds. Fig. 1, E shows a marked shortage of animals 
in the 550 mm. class (500-599). These two facts may be coincidental ; 
there is need for additional research into the matter. 


ANIMAL ASSOCIATES 
Fishes are exceedingly abundant in the areas occupied by the cot- 
tonmouth. Certainly some of the fish provide food for the cotton- 
mouth, and I strongly suspect that a large Ama calva, one of the 
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most abundant fish in the swamp, would not be averse to a meal of 
Ancistrodon. There is no doubt considerable competition between 
these two species for food, but it is certainly not sufficient to create 
any undue hardship on either, if numbers of individuals are any 
eriterion of success, 

Siren intermedia is the most abundant salamander in the swamps, 
and supplies approximately a third of the food of the cottonmouth. 
Amphiuma means is also present with the cottonmouth, and supplies 
some meals. Of the frogs and toads only Rana catesbeiana, R. 
clamitans, Acris gryllus, and Hyla phaeocrypta occur in abundance 
in the cottonmouth habitat. Rana areolata, R. pipiens, R. palustris, 
Hyla crucifer, and Pseudacris nigrita occur commonly in surrounding 
areas, but are essentially outside the immediate habitat of the cotton- 
mouth. There is little doubt that amphibians supply the majority of 
the food of the cottonmouth in Kentucky. 

Reptilian associates of the cottonmouth in Murphy’s Pond, except 
for the turtles, are most conspicuous by their absence. Turtles are 
abundant in the swamp, the map, musk, mud, snapper, and red-ear 
being most abundant. Probably a turtle gets an occasional cotton- 
mouth; certainly the cottonmouth gets an occasional turtle. I have 
seen well over 200 cottonmouths in Murphy’s Pond, but have yet to 
see a Natrix in association with the cottonmouth. Both Natrix sipedon 
and N. erythrogaster occur in the general area, but apparently do not 
occur with the cottonmouth. Other than the cottonmouth, the only 
snakes I have seen in Murphy’s Pond are one Thamnophis sauritus, 
one Farancia abacura, and some half-dozen Storeria dekayt. The 
cottonmouth is known to feed on the latter, and in all probability they 
will feed on Natrix; possibly this, at least in part, accounts for the 
rarity of Natrix in association with the cottonmouth in Kentucky. 

Birds of many species are abundant in the habitat of the cotton- 
mouth, but I have discovered no evidence of any direct relationships 
between the birds and the snakes. 

Mammals are relatively scarce in the areas inhabited by the cotton- 
mouth. Mink, muskrat, beaver, raccoon, and swamp rabbit comprise 
essentially the mammalian fauna in specific cottonmouth habit. The 
beaver, by flooding additional acreage increases the available cotton- 
mouth habitat. The swamp rabbits and muskrats are passive insofar 
as cottonmouths are concerned, unless their young furnishes an oc- 
casional meal. Mink and raccoons compete for food with the cotton- 
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mouth; one frequently finds the partially eaten carcass of Siren in 
the swamp, surrounded by mink or coon tracks. On one occasion I 
found a large cottonmouth that had been half eaten by a coon. There 
was no evidence whether the coon had killed the snake, or found it 
dead. 

Man, of course, is the worst enemy of the cottonmouth in Ken- 
tueky. Fishermen occasionally kill a few cottonmouths about the 
pond proper, but most are killed by people who consider it great 
sport to go into the swamp with a shotgun and shoot snakes. On 
occasion great numbers are killed when a group of men discover the 
snakes emerging from hibernation. 


Economic Status 


From an economic standpoint, the cottonmouth in Kentucky is of 
little importance, due in part to its relative scarcity except in isolated 
areas, and in part to the fact that the habitat of the animals is in no 
way fit for human habitation. True, they do eat a few bullfrogs, 
but this does not materially influence the welfare of mankind. If the 
snakes were a little more aggressive they might inflict some damage 
to man himself, and particularly his livestock, but I have found the 
cottonmouth to be quite docile. One farmer in Hickman County 
maintains a herd of about 70 cattle that roam at will in the swamps 
about Murphy’s Pond. He informed me he had never known of one 
of his cattle to be bitten by a snake. I am certain the snakes had 
ample opportunity to bite them had they so desired, because I have 
seen numerous cottonmouths in trails the cattle made through parts 
of the swamp. 


Accepted for publication 15 November 1955. 


North American Species of the Genus Eupteryx 
(Homoptera: Cicadellidae) 


Pauu J. CHRISTIAN 


Department of Biology, University of Louisville, 
Louisville, Kentucky 


INTRODUCTION 


ee LEAFHOPPER genus Hupteryx Curtis, as defined and restricted 
by Young (1952), is a genus which is primarily if not entirely 
holaretie in distribution with most of the species occurring in the 
palearctic region. The North American species which are not known 
to occur in Europe all belong to the Furcata Group of Young (1952). 
Single introduced species of the Aurata, Artemisiae, and Melissae 
Groups of Ribaut (1936) also occur in North America. 

The first North American species of Hupteryx were recognized 
and described by Gillette (1898) as E. vanduzer and E. flavoscuta. 
The third species recognized was described by Osborn (1905) and 
named EH. nigra. Van Duzee (1917) regarded Eupteryx as a syno- 
nym of Typhlocyba and placed these species in T'yphlocyba. He also 
recorded the occurrence of Hupterysx collina Flor in North America. 
McAtee (1919) returned these species to Hupteryx, and redescribed 
E. melissae Curtis giving Typhlocyba stachydearum Hardy, T. collina 
Flor, and Hupteryx quinquemaculata Baker as synonyms of it. He 
also regarded EL. nigra Osborn as a variety of flavoscuta Gillette and 
described EH. juwvenis and clavalis as new varieties of flavoscuta. Dr. 
McAtee next (1925) recorded HE. artemisae as occurring in North 
America. Osborn (1928) asserted that nigra was distinctly a species 
and not a variety of flavoscuta as McAtee had regarded it. Johnson 
(1935) supported Dr. Osborn’s assertion with characteristics of the 
male pygofer hook, but she continued to regard clavalis as a variety of 
flavoscuta. Next Beamer (1943) described furcata as a species of 
Typhlocyba. Oman (1949) placed all the species of Hupteryx in the 
genus Cicadella and regarded clavalis and juvenis as species, rather 
than varieties of flavoscuta. Young (1952) reestablished the validity 
of the use of Eupteryx, returned the species to Hupteryx and placed 
furcata in the genus for the first time. 

In the present work the author redescribes all of the previously 
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known species which occur in North America giving illustrations of 
the male genital characteristics, describes one new species (Hupteryx 
omani) from Florida, identifies Hupteryx juvenis as a teneral form 
of #. mgra, and identifies and describes the male form of EF. vanduzer 
previously not known. 


Key To THE NorTtTH AMERICAN SPECIES OF Hupteryx 
1. With sharply distinct black or brown spots on crown of head.. 2 
Without sharply distinet black or brown spots on crown of head 3 
2. With five distinct spots on head; pronotum with four to six small 


brown to black spots. Male genitalia as in Fig. 7....melissae p. 50 
With only three distinct spots on head; pronotum with three 
dark markings. Male genitalia as in Fig. 8.......... aurata p. 52 


3. Head uniform yellowish green; fore-wings yellowish green with 
traces of light brown color among veins.......... artemisiae p. 53 
Head bright yellow or yellow with varying amounts of brown 
firma AG maCOLGI. pr. ween LA eh: Be teres Adin mee BU eee SUE ae + 

4. Lower half of face and venter of thorax brown; dorsum entirely 
black or black with varying amounts of white on fore-wing. Male 


Deere awa HAO Ge orem ANN a ieete a aus aa.s aie et a ays vanduzer p. 48 
Lower half of face and venter of thorax yellow; fore wings with 
yellow band along costal margin on basal half................. 5 
5. Scutellum uniformly deep blackish brown.................... 6 
Secutellum yellow with basal angles brown..................- 7) 
6. Length 3.0-3.25 mm. Male genitalia as in Fig. 5...... omani p. 48 
Length 3.75-4.0 mm. Male genitalia as in Fig. 4...... mgra p. 46 
7. Male pygofer hooks about equal in length, Fig. 1A; from West- 
Eoreabe NOM PR ATIC TCA, Soo. e, ci sslera lett o cgere 5 = cess, ood fim: Xm) furcata p. 43 
Male pygofer with hooks unequal in length. Figs. 2A, 3A; from 
Se rne ON OEM: AIMCTIC Ar. £ a05 demo sie-c ts wus vas os, LOC AEA, aE 8 
8. Posterior margin of male pygofer greatly attenuated, with pos- 
terior hook longer than medial hook. Fig. 3A..... flavoscuta p. 45 
Posterior margin of male pygofer truncated, with posterior hook 
Shorcer than medial hook: Wig. 2Aw. oo. ose ews clavalis p. 44 


Eupteryx furcata (Beamer) 
(Big. t ASB, €.) 
Typhlocyba furcata Beamer, 1943, Canadian Ent., 75: 133. 
Eupteryx, furcata, Young, 1952, Bull. Univ. Kansas Sci. Bull., 35 (I, 1): 96. 
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Resembling Eupteryx clavalis McAtee in color pattern but color 
much lighter brown, and with pygofer more elongate with medial 
hook directed dorsocaudad; known to occur only in Western North 
America. 


Length.—3.5-3.75 mm. 

Color—Head: vertex and crown yellow to yellow-orange usually un- 
marked but rarely with a pair of dusky spots near vertex; face yellow. 
Thorax: yellow beneath; pronotum yellow with a pair of irregular light- 
brown lines each extending from the anterior margin behind eye to lateral 
margin; scutellum yellow with dark markings in basal angles on heavily 
marked specimens. Wings: clavus and border along costal margin almost 
to distal angle of fourth apical cell yellow to yellow-orange; apex and basal 
third of clavus along claval suture light brown; costal area nearly divided 
by a brown mark near middle of wing; area between costal area and claval 
suture light brown on basal half fumose hyaline on apical half to cross 
veins; first, basal half of second, and most of fourth apical cells fumose 
hyaline; outer half of second, all of third, and distal angle of fourth 
apical cells fumose to light brown, brown markings appearing as an irregular 
longitudinal stripe extending from behind eye to apex of fore wing, and as a 
less distinct transverse band at apex of clavus. Abdomen yellow. 

Male genitalia—Male pygofer: posterior margin produced dorsocaudad 
in a bluntly-rounded lobe; both pygofer hooks of nearly equal length, di- 
rected dorsocaudad; dorsal portion of lobe membranous, nearly transparent. 
Aedeagus in lateral aspect with posterior margin nearly straight on apical 
half of shaft, strongly constricted near point of attachment of dorsal 
apodeme. Single pair of slender apical processes crossed near base, half as 
long as shaft. Style: strongly curving lateroventrad, with typical preapical 
tooth on mesal margin. Connective: somewhat triangular with posterior 
angle broadly truncate; aedeagal attachment subapical. 

Material studied: Holotype male; allotype female; one male and three 
female paratypes; Stinson Beach, California, Aug. 15, 1938, R. H. Beamer. 
Three female paratypes, Monterey, California, July 22, 1935, R. H. Beamer. 
Sixty-seven females and five males, McMinnville, Oregon, August 1946, K. M. 
Fender. Additional Oregon specimens, in alcohol, which appear to be furcata 
have also been seen. 


Eupteryx clavalis McAtee 


(Fig. 2 A, B, C.) 
Eupteryx flavoscuta var. clavalis McAtee, 1919, Ent. News, 30: (7) 185. 
Eupteryx clavalis, Johnson, 1935, Ohio State Univ. Bull., 39 (29): 49. 
Cicadella clavalis, Oman, 1949, Mem. Ent. Soe. Washington, 3: 89. 
Eupteryx clavalis, Young, 1952, Bull. Univ. Kansas Sci. Bull., 35 (I, 1): 96. 


Resembling Hupteryx furcata Beamer in color pattern but with 
brown color more intense and extensive, with male pygofer differing in 
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having mesal hook longer than apical hook and in having posterior 
lobe nearly as long as broad. Known to occur only in Eastern North 
America. 


Length. —3.5-3.75 mm. 

Color—Head: face and vertex yellow; crown usually light brown between 
eyes to posterior margin, sometimes also yellow. Thorax: yellow beneath; 
pronotum yellow with light brown markings along anterior margin and on 
lateral thirds, sometimes more extensive; scutellum yellow with basal angles 
light brown. Fore wing: yellow with an irregular hight brown longitudinal 
stripe covering basal fourth and apical third of clavus, all of inner two basal 
cells, along inner third of third basal cell, and all of second and third apical 
cells and outer third of first and fourth apical cells; fumose hyaline in apical 
cells. Abdomen: yellow beneath, light yellow above. 

Male genitalia—Male pygofer: posterior margin produced dorsocaudad 
in a broadly-rounded lobe nearly as broad as long, posterior pygofer hooks 
directed dorsocaudad; mesal hooks longer than posterior, directed dorsad. 
Aedeagus in lateral aspect with posterior margin sinuate, tapering from broad 
base to slight constriction at outer fourth of shaft. Single pair of slender 
apical processes crossed near base, slightly exceeding half the length of shaft. 
Style and connective as in EF. furcata. 

Material studied—One female, Oregon, Illinois, June 19 ’17, determined 
by W. L. McAtee as Eupteryx flavoscuta var. clavalis; six females and six- 
teen males, Long Lake, New York, July 1946, R. H. and L. D. Beamer; one 
male and one female, Chimneys C. G. Gt. Smoky Mt. N.P. Sept. 1, 1948, 
Ross and Stannard; five males and seven females, Rocky Sp. Gap, Gt. Smoky 
Mt. N.P., September 1, 1948. Records of specimens in the Herbert Osborn 
Collection of the Ohio State University are as follows: Hocking Co., Ohio 
September 1932, 1933, D. M. Johnson; Hocking Co., Ohio, July 1945, Lake 
Co., Ohio, September 1928; Scioto Co., Ohio, June 1945; Fairfield Co., Ohio, 
July 1945, D. J. & J. N. Knull. Collected from ferns. 


Eupteryx flavoscuta Gillette 


(Fig:\3) A;:B;°C.) 
Eupteryx flavoscuta Gillette, 1898, Proc. U. 8. Nat. Mus., 20 (1138): 749- 
750. 


Typhlocyba flavoscuta, Barber, 1914, Bull. American Mus. Nat. Hist., 33: 
535. 


Eupteryx flavoscuta var. flavoscuta, McAtee, 1919, Ent. News, 30 (7): 185. 
Cicadella flavoscuta, Oman, 1949, Mem. Ent. Soc. Washington, 3: 89. 
Eupteryx flavoscuta, Young, 1952, Bull. Univ. Kansas Sci. Bull., 35 (I, 1) : 96. 


Resembling Eupteryx clavalis McAtee in color but with markings 
more extensive, also resembling EHupteryx nigra Osborn but with 
scutellum and often with dise of pronotum yellow; also similar to 
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these species in shape of male pygofer but easily distinguished from 
them by having the mesal hook only half as long as posterior hook. 


Length.—3.5-4.0 mm. 

Color.—Head: face and vertex bright yellow, crown dark brown; Thorax: 
yellow beneath, pronotum usually dark chocolate brown sometimes with dise 
yellow or yellowish brown; scutellum yellow with lateral angles dark brown. 
Fore wing: dark chocolate brown with median third of clavus greenish yellow 
and a broad yellow stripe along costal margin from base of wing to cross 
vein. Abdomen: yellow beneath, dark brown above, finely bordered with 
yellow on segmental margins. 

Male genitalia—Male pygofer: posterior margin greatly produced into 
an acutely rounded lobe about one third as broad as long, posterior pair of 
pygofer hooks directed dorsocaudad, mesal pair half as long as posterior 
pair, gradually curving dorsomesad. Aedeagus in lateral aspect with pos- 
terior margin gradually curving dorsad; shaft gradually tapering from base 
to apex, a single pair of slender apical processes crossing near base, slightly 
less than half the length of shaft. Style and connective as in FH. furcata. 

Material studied.—Sixty-five females, and sixty-one males from the 
following locations: Pinks Lake, Hull, Quebec, Canada, August 27, 1931; 
Newaygo, Canada, July 30, 1929; Benton, New Hampshire, August 21, 1934; 
New Haverhill, New Hampshire, August 21, 1934; Morris, Wisconsin, August 
27, 1937; New Haven, Connecticut, August 23, 1934; Wilmington, New York, 
June 30, 1922; Long Lake, New York, July 28, 1946; Heart Lake, New York, 
July 27, 1946; Blue Mt. Lake, New York, July 27, 1946; Otter Lake, New 
York, July 25, 1946; Saranac Inn, New York, July 28, 1946; Ashton, Mary- 
land, August 13, 1938; Glen Echo, Maryland, August 8, 28, 22, 1921, May 
14, 1922; Chain Bridge, Virginia, September 11, 18, 1921: Washington, 
D. C., October 2, 1932, on Pteris aguilina; Herod, Illinois, July 8-11, 1935; 
Castle Rock, Oregon, Illinois, June 30, 1935; Savanna, Illinois, June 13, 
1917; Jonesboro, Illinois, May 19, 1932. Records of specimens in the Herbert 
Osborn Collection of the Ohio State University are as follows: Orono, Maine, 
August 5, 17, 1913, July 10, 1914; Cape Cottage, Maine, September 4, 1913; 
Cranberry Lake, New York, July 24, 25, 30, 1920; Wanakena, New York, 
July 29, 1920; Bear Mt., Vermont; Chevy Chase, Maryland, June 5, 1905, 
on fern; Hocking Co., Ohio, October 23, 1932; Cantwell Cliffs, Ohio, Sep- 
tember 17, 1933. 


Eupteryx nigra Osborn 


(Bieh4aA SB aiGe) 
Eupteryx nigra Osborn, 1905, Bull. New York State Mus., 97: 543. 
Eupteryx flavoscuta var. nigra, McAtee, 1919, Ent. News, 30 (7): 184-5. 
Eupteryx flavoscuta var. juvenis McAtee, 1919, Ent. News, 30 (7): 186. (new 
synonymy ) 
Eupteryx nigra, Osborn, 1928, Ohio Biol. Surv., 14: 352. 
Cicadella juvenis (MeAtee), Oman, 1949, Mem. Ent. Soc. Washington, 3: 89. 
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Cicadella nigra (Osborn), Oman, 1949, Mem. Ent. Soc. Washington, 3: 89. 
Eupteryx nigra, Young, 1952, Bull. Univ. Kansas Sei. Bull., 35 (I, 1): 96. 
Eupteryx juvenis, Young, 1952, Bull. Univ. Kansas Sci. Bull, 35 (I, 1): 96. 


Resembling the dark form of Hupteryx vanduzer Gillette in color 
but distinguished by having entire face and venter of thorax bright 
yellow rather than brown, and by having mesal hook of male pygofer 
greatly reduced. 


Length.—3.75-4.0 mm. 

Color.—Head: vertex and face bright yellow; crown between eyes light 
to dark brown. Thorax: yellow beneath; pronotum and scutellum uniform 
deep blackish brown. Fore wing: deep blackish brown with yellow longi- 
tudinal stripe along costal margin extending nearly to cross veins. Abdo- 
men: dirty yellow beneath, dark brown above with margins of segments 
narrowly margined with yellow. Teneral specimens (described as juvenis) 
with two red longitudinal lines on either side of midline on crown of head, 
pronotum with a median red line extending from anterior to posterior margins 
and with red markings on lateral fourth of pronotum behind eye. This red 
color is concealed by the dark brown pigmentation in fully matured speci- 
mens. 

Male genitalia—Male pygofer: posterior margin greatly produced into 
an apically rounded lobe about two thirds as long as broad; posterior hook 
directed dorsocaudad; mesal hook greatly reduced or lacking; membranous 
portion of pygofer extended almost to apex of posterior hook. Aedeagus in 
lateral aspect evenly rounded on posterior margin from base to apex, of 
nearly uniform width, single pair of apical processes widely diverging, not 
crossing at base. Style and connective as in LH. furcata. 

Material studied—Newaygo, Canada, July 30, 1929; Fryeburg, Maine, 
August 20, 1934; Benton, New Hampshire, August 21, 1934; New Haverhill, 
New Hampshire, August 21, 1934; Springfield, Vermont, August 22, 1934; 
Greenfield, Massachusetts, August 22, 1934; New Haven, Connecticut, August 
20, 1934; Storrs, Connecticut, August 3, 1946; Conesus Lake, New York, June 
22, 1916; Larabee, Pennsylvania, August 24, 1934; Ashton, Maryland, Au- 
gust 13, 1938; Beltsville, Maryland, May 21, 1922; Glen Echo, Maryland, 
May 14, 1922, May 16, 1923, June 18, 1922, August 8, 28, 1921, August 22, 
1922; Plummer’s Island, Maryland, July 22, 1943; 11 miles N. NE Wash- 
ington D..C., October 2, 1932; Dismal Swamp, Virginia, August 13, 1934; 
Lake Drummond, Virginia, September 10, 1933, Vienna, Virginia, May 30, 
1932; Batesburg, South Carolina, August 24, 1930; Lexington, South Caro- 
lina, August 24, 1930; Rocky Spring Gap, Great Smoky Mts., September 
1, 1948; Mineral Spring, Indiana, June 24, 1916; Antioch, Illinois, August 
24, 1935; Dubois, Illinois, May 22, 1917; Vienna, Illinois, June 14, 1934; 
Volo, Illinois, August 24, 1935. Records for the specimens in the Herbert 
Osborn Collection of the Ohio State University are as follows: Holotype fe- 
male, Jamaica (New York), August 20, 1904; Paratype female Columbus, 
Ohio, September 15, 1933; Bar Harbor, Maine, August 31, 1913; Orono, 
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Maine, August 1, 31, 1913; Little Mt., Lake Co., Ohio, September 18, 1928; 
Hocking Co., Ohio, July 26, 1945, August 16, 1945, September 14, 1945; 
Madison Co., Ohio July 28, 1945. 

Dr. Josef N. Knull has examined the holotype and paratype females and 
states that they are entirely pale beneath, and not dark as is the black form 
of Eupteryx vanduzei Gillette which has been confused with this species in 
the past. 


Eupteryx omani n. sp. 
(Fig. 5 A, B, C.) 


Resembling Hupteryx nigra in shade and distribution of color, but 
easily recognized by its smaller size and male genitalia. 


Length.—3.0-3.25 mm. 

Color.—Head: vertex and face bright yellow; crown between eyes light 
to dark brown. Thorax yellow beneath; pronotum and scutellum uniform 
deep blackish brown. Fore wing: deep blackish brown with outer basal cell 
along costal margin white to pale yellow to cross vein. Abdomen: yellow 
beneath, brown above. 

Male genitalia—Male pygofer: posterior margin produced as a strong 
acute heavily sclerotized hook; dorsal membranous portion of pygofer ex- 
tending only to middle of hook; mesal hooks lacking. Aedeagus: in lateral 
aspect with shaft thickened on basal third, apical two thirds reduced, slender, 
nearly straight. Single pair of apical processes short, less than one fourth 
length of shaft, directed laterad, not crossing. Styles and connective as in 
E. furcata. Plates with five macro-setae forming an irregular lateral row. 

Types.—Holotype male, allotype female and three female paratypes, San- 
ford, Florida, July 22, 1939, P. W. Oman, in the U. 8. National Museum 
Collection. One male and three female paratypes, Gainesville, Florida, June 
9, 1918, C. J. Drake (male slide No. E-3-6) and one male paratype, Oviedo, 
Florida, November 2, 1927, H. Osborn, Slide No. H-3-9. In the collection 
of Mrs. J. N. Knull, Columbus, Ohio. One male and thirty-one female para- 
types, Gold Head Branch State Park, Clay County, Florida, December 10, 
1955, F. W. Mead; two male and thirty-two female paratypes, same locality, 
January 14, 1956, F. W. Mead, collected on Dryopteris ludoviciana (Kunze). 
In the collections of the State Plant Board of Florida, and the University of 
Louisville. 


It is with great pleasure that the author names this species in 
honor of Dr. Paul W. Oman who has made valuable contributions to 
our knowledge of North American leafhoppers. 


Eupteryx vanduzei Gillette 
(Fig. 6 A, B, C.) 


Eupteryx vanduzei Gillette, 1898, Proe. United States Nat. Mus., 20 (1138): 
748-9. 
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Typhlocyba vanduzei, Van Duzee, 1917, Univ. California Tech. Bull. Ent., 
2: (07. 

Eupteryx vanduzei, McAtee, 1919, Ent. News, 30 (7): 184. 

Cicadella vanduzei, Oman, 1949, Mem. Ent. Soc. Washington, 3: 89. 

Eupteryx vanduzei, Young, 1952, Bull. Univ. Kansas Sci. Bull., 35 (I, 1): 96. 


Dark form resembling Hupteryx mgra Osborn, but easily dis- 
tingiushed by having ventral half of face and venter of thorax dark 
brown. Male genitalia sharply distinct as indicated below. 

Length.—3.5-4.0 mm. 

Color—Head: vertex and portion of face between eyes light yellow to 
white; crown black; face with light band on upper half, fuscous below. 
Thorax: fuscous beneath; pronotum uniformly black throughout; scutellum 
uniform black. Fore wing: color variable, uniformly black in some speci- 
mens, uniformly chalky white with costal vein yellow in typical specimens; 
other specimens white with varying amounts of black forming an elongate 
elliptical spot in the middle of each wing bordered broadly with chalky white, 
apical cells and apices of basal cells fuscous to black. Abdomen: yellow 
beneath; yellow above on white winged specimens; fuscous to black on black- 
winged specimens. 

Prior to this study of vanduzei it had been suggested by Young 
(1952, p. 96) and by Beamer (in litt.) that only males of this spe- 
cies might exist. In an effort to solve this problem the author brought 
together specimens bearing the same collection data as found on 
typical specimens of vanduzet on hand. When this was done it was 
found that certain specimens looking much like E. nigra were usu- 
ally collected at the same time as typical vanduzei specimens. On 
examination of the male genitalia of these specimens and comparison 
with the genitalia of other specimens also determined as EF. nigra it 
was found that two sharply distinct kinds of genitalia existed in 
specimens determined as FE. nigra. A comparison of color markings 
showed a marked similarity between typical vanduzei specimens and 
the nigra-like specimens collected with them, in all respects except 
the fore wing and dorsum of the abdomen. From these observations 
the author concludes that this species is one in which the color of the 
fore wing varies in at least the female and possibly the male although 
no white winged males have been seen yet. Dark-winged females 
have been seen as well as a number of intergrades between white 
and black which have a large black spot in the center of a white wing. 
The nature of the color distribution does not seem to be a matter of 
degree of maturity as far as can be observed from preserved speci- 
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mens, since white-winged specimens are as intensely black in all 
other regions as are black-winged specimens, and do not appear to be 
in any way teneral. 


Male genitalia—Male pygofer: posterior margin produced in an acute 
moderately sclerotized lobe; mesal and posterior hooks well developed; of 
nearly equal length; posterior hooks directed caudad, free from membrane 
throughout most of their length, mesal pair strongly curving dorsocaudad; 
apices acute. Aedeagus: in lateral aspect straight, nearly uniform thickness 
from base to apex; single pair of apical processes directed ventrad parallel 
to sides of shaft, exceeding half length of shaft. 

Types.—Holotype female of Gillette in United States National Museum 
Collection. Neallotype male, here designated, Saranac Inn, New York, July 
28, 1946, R. H. Beamer, in the Snow Entomological Collections of the Uni- 
versity of Kansas. 

Material studied —Highty-two typical females, eleven dark-winged females 
and five dark-winged males, Saranac Inn, New York, July 28, 1946, R. H. 
Beamer; eleven typical females and three dark males, Long Lake, New York, 
July 28, 1946, R. H. Beamer; nine typical females, Center Harbor, New 
Hampshire, July 1951, P. B. Lawson. Records of specimens in the Herbert 
Osborn Collection of the Ohio State University are as follows: Wanakena, 
New York, five typical females, August 1-7, 1917, C. J. Drake; two typical 
females, July 29, 1920, H. Osborn; one typical female and ten dark-winged 
specimens of both sexes, July 29, 1920, C. J. Drake. One typical female, 
Great Smoky Mt. National Park, June 21, 1942, D. J. & J. N. Knull, in the 
collection of Mrs. J. N. Knull, Columbus, Ohio. 


Eupteryx melissae Curtis 


(Big) ANB 7C:) 
Eupteryx melissae Curtis, 1837, British Ent., 14 (640): 2. 
Typhlocyba collina Flor, 1861, Arch. Nat. Kurklands, (2) 4: 433. 
Eupteryx quinquemaculata Baker, 1903, Invert. Pacif., 1: 8. 
Cicadella melissae, Oman, 1949, Mem. Ent. Soc. Washington, 3: 89. 
Kupteryx melissae, Young, 1952, Bull. Univ. Kansas Sei. Bull., 35 (1, 1): 96. 


Resembling Eupteryx aurata (Linnaeus) in the presence of dis- 
tinct spots on head and pronotum but easily distinguished by having 
five distinct black spots on head and four to six brownish black spots 
on pronotum, male genitalia with aedeagus bearing short only slightly 
curved apical processes. 


Length.—2.75-3.5 mm. 

Color.—Head: face, vertex, and crown light yellow with five round black 
spots, two above, two beneath vertex and one medial on posterior margin of 
head, lateral margins of clypeus light brown. Thorax: yellow to dark brown 
beneath; pronotum yellowish white with four to six small brown spots, two 
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at anterior margin near inner margins of eyes, others forming a transverse 
median line separated by a pale brown inverted V-shaped mark on dise which 
forms with the anterior two spots a pale X. Scutellum yellow with a small 
black spot just inside each lateral angle and sometimes with a smaller 
pair of black spots on disc. Fore wing: white to yellowish white veins white 
margined with greenish brown markings which form a basal, apical, and 
median spot on each clavus, and an indistinct band across the basal and apical 
third of the basal cells, and border the longitudinal and apical veins and 
outer margin of the second and third apical cells. Abdomen: segments dark 
yellowish brown margined with yellow along membranes and lateral margins. 

Male genitalia—Male pygofer: posterior margin evenly rounded, not 
produced; a single short acute hook on mesal margin of dorsal posterior 
angle directed cephalomesad. Aedeagus elongate, slender, gradually tapering 
to apex, with single apical pair of processes directed ventrad, crossing at 
outer fourth caudad of shaft, less than half as long as shaft. Style and 
connective characteristic of the genus. Plate tapering to acutely rounded 
apex, with a single macroseta near basal attachment. 

Determination of this species is based on figures and description of this 
species by Ribaut (1936), and on two male specimens collected by Horvath, 
and determined as melissae by him. 

Material studied—Over two hundred specimens of both sexes have been 
seen, collected in the following localities: Fonthill, Ontario, Canada, on eat- 
nip, September 18, 27, 1949; Vineland, Ontario, September 15, 1942; Great 
Brewster, Massachusetts, October 27, 1919, M. D. Leonard, G. W. Barber; St. 
Thomas, Pennsylvania, April 30, 1932, J. O. Pepper, on horehound; North 
East, Pennsylvania, October 4, 1912, F. Johnson; Hagerstown, Maryland; 
Plummers Island, Maryland, June 29, 1913, W. L. MecAtee; Washington, 
D. C. June 21, 1913 A. B. Duckett, on hollyhock, Arlington, Virginia, May 
1921, Chittenden No. 6850, on sage; May 26, 1932 P. W. Oman; Vic- 
toria, British Columbia, Canada, September 6, 1926, W. Downes, host 
Salvia officinalis; Cliffdell, Washington, July 7, 1935, P. W. Oman; Free- 
water, Oregon, June 15, 1948, Davis, Black, & Hammons; Riverdale, Idaho, 
August 12, 1934, C. F. Smith; Nevada March 36, C. L. Brown; Logan, Utah, 
June 9, 1938, G. F. Knowlton; Bountiful, Utah, June 15, 1945, L. S. Jones; 
Plesant Grove, Utah, July 17, 1935, G. F. Knowlton & W. M. Allen; Mon- 
terey, California, July 22, 1935, R. H. Beamer; Sargent, California, July 22, 
1935, R. H. Beamer; Santa Barbara, California, July 1925; Oak Glen, Cali- 
fornia, May 18, 1940, Christenson; Yucaipa, California, July 7, 1938, Chris- 
tenson; Two males determined “Hupteryx melissae”’ by G. Horvath, labeled 
“Gyeke, Horvath.” Additional records from the Herbert Osborn Collection 
of the Ohio State University are as follows: Put-in-Bay, Ohio, September 
18, 1945, D. J. & J. N. Knull; Floral Park, New Jersey, 5, 15; Inner Brew- 
ster Island, Massachuetts, October 27, 1919, M. D. Leonard, R. W. Barber; 
Richfield, Pennsylvania, July 26, 1918, J. G. Sanders; Experiment Station, 
June 4, 1897 (probably Ames, Iowa). 
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Eupteryx aurata (Linnaeus) 
(Hiok 8 VASP BCs) 


Cicada aurata Linnaeus, 1758, Systema Naturae, 10: 439. 

Typhlocyba picta Burmeister, 1835, Handbuch der Ent., 2 (1): 107. 
Typhlocyba aurata, Herrech-Schaffer, 1835, Nomenclator Ent., 7: 68. 
Typhlocyba fulva Herrech-Schaffer, 1836, Deutschlands Ins., 143: 1. 
Eupteryx aurata, Oshanin, 1907, Ann. Mus. Zool. St. Petersburg, 12: 204. 


Resembling Hupteryx melissae Curtis in the presence of spots on 
the head and pronotum, but easily distinguished by having only 
three spots on the head and three spots on the pronotum, male geni- 
talia with aedeagus having apical processes nearly as long as shaft, 
strongly curving cephalodorsad forming almost a complete circle in 
lateral aspect. 


Length.—3.5 mm. 

Color.—Head: face, vertex and crown bright yellow with dark brown color 
on genae along clypeus and clypellus; two large dark brown spots between 
eyes on crown usually separated from each other and from each eye by 
yellow ground color, rarely confluent medially. Thorax: venter dark brown; 
pronotum bright yellow with dark brown markings, one medial on anterior 
margin and two posteriorly-rounded spots one behind each eye extending 
from anterior margin caudad and slightly mesad to posterior third of prono- 
tum. Seutellum with basal half dark brown, sometimes with a median yellow 
and lateral yellow marginal lines joining yellow posterior third. Fore wing: 
white to yellowish hyaline, with dark brown longitudinal zigzag lines ex- 
tending from base of scutellum to apex of wing, touching commissural margin 
at base, middle and apex of clavus and costal margin at basal and apical 
thirds of outer basal cell. Abdomen: dark brown to black with segments 
finely margined with yellow. 

Male genitalia—Pygoter: posterior margin rounded, slightly truncate 
on dorsal caudal angle; hooks arising from inrolled mesal margin, completely 
concealed in lateral view; posterior hook directed dorsad on basal half, 
sharply curved caudad on apical half; anterior hook straight, directed dorso- 
cephalad mesally. Aedeagus: in lateral aspect gradually tapering from 
broad base to apex; single pair of apical processes nearly as long as shaft but 
curving sharply dorsocephalad and crossing near apices cephalic to shaft. 
Styles and connective as in other species of genus. Male plate with one 
macroseta lateral near base. 

Material studied—Highteen males and twenty-three females, Bar Harbor, 
Maine, August 23, 1934, A. EH. Brower; eight specimens including both sexes, 
Ottawa, Ontario, Canada, August 3, 5, 6, 12, and September 14, 20, 1942, 
G. S. Walley, on hollyhocks, one on burdock. Determination of this species 
is based on descriptions and figures by Ribaut (1936). 
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Eupteryx artemisiae (Kirschbaum ) 


Typhlocyba artemisiae Kirschbaum, 1868, Jahrb. Ver. Nat. Nassau., 21-22: 


This introduced species does not resemble any of the other North 
American species and is easily distinguished by its apparent lack of 
brown or black color markings. 

Length—3.0 mm. 

Color—Head, pronotum, scutellum and abdomen pale greenish yellow; 
fore wings greenish yellow, inner two basal cells semihyaline, faint brown 


spots and lines along longitudinal and cross veins and bordering veins 
forming apical cells. 


This species was first reported as occurring in North America by 
McAtee (1925) from a single specimen swept from Artemisia spp. in 
the Arnold Arboretum, Boston, Massachusetts, July 27, 1921, by 
Harold Morrison. The above description was made from this speci- 
men in the United States National Museum. No other specimens of 
this species are known to have been taken since then in North America. 
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Figs. 1-4. Male genitalia of Eupteryx spp. A. Left side of pygofer. B. Left 
side of aedeagus. C. Posterior aspect of aedeagus. 

Fig.l. Eupteryx furcata (Beamer). Fig. 3. Eupteryx flavoscuta Gillette. 

Fic. 2. Eupteryx clavalis McAtee. Fic. 4. Eupteryx nigra Osborn. 


Figs. 5-8. Male genitalia of Eupteryx spp. A. Left side of pygofer. B. Left 
side of aedeagus. C. Posterior aspect of aedeagus. 

Fie. 5. Eupteryx omani n. sp. Fig. 7. Eupteryx melissae Curtis. 

Fic.6. Eupteryx vanduzei Gillette. Fig. 8. Hupteryx aurata (Linnaeus). 


The Age and Growth of Bluegill, Lepomis 
macrochirus (Rafinesque), from Farm 


Fish Ponds in Kentucky* 


JAMES B. KirKwoopD 
Division of Fisheries 
Department of Fish and Wildlife Resources 
Frankfort, Kentucky 


INTRODUCTION 


N UMEROUS age and growth studies have previously been done on 
the bluegill (Lepomis macrochirus Rafinesque) in the United States. 
Most of the studies were done on specimens collected from lakes and 
streams. 

Prior to this investigation only two growth studies on Kentucky 
fishes had been published. Tompkins and Carter (1951) reported on 
the growth of some Kentucky fishes from some of the major lakes and 
streams of the state. Bluegill were included in this study. In the same 
year Tompkins and Peters (1951) published a report on the growth 
of white bass, Morone (=Lepibema) chrysops of Herrington Lake. 

In the present study an attempt was made to determine the growth 
rate of bluegill in representative ponds. In the state of Kentucky 
there are 110,000 ponds (Clark, 1952) ; 58 of these were included in 
this study. 


MATERIALS AND METHODS 


Between June 10, 1952, and September 20, 1952, 260 farm ponds 
were sampled. Scales were taken from 751 bluegill in 58 ponds lo- 
cated in 20 counties of Kentucky. The specimens were collected with 
a 20-foot minnow seine, a 50-foot 14-inch mesh seine, a 75-foot 14-inch 
mesh seine, and a 75-foot 34-inch mesh seine. One pond was poisoned 
with derris root (5% rotenone) at a concentration of 1-2 ppm. 

Live specimens were used for all measurements except for the 
fish collected with rotenone. Total or extreme tip length, described 
by Ricker (1942), was used and was recorded in inches and tenths. 
Weight was determined with a circular spring balance calibrated in 
0.01 pound units. 


* Based on portions of a thesis submitted in partial fulfillment of the requirements for 
the Master of Science degree at the University of Louisville. 
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Seales were taken from an area on the side of the fish immediately 
below the lateral line at the level of the anterior limit of the dorsal 
fin. These were placed in envelopes on which pertinent data were re- 
corded. 

In the laboratory the scales were cleaned and mounted on slides in 
a glycerin gelatin medium described by Van Oosten (1929). The 
slides were placed in the envelopes from which the scales had been 
taken. 

Seales were studied with a scale machine similar to the one de- 
scribed by Van Oosten, Deason and Jobes (1934). This machine 
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ANTERIOR RADIUS OF SCALE 


Fig. 1. Bopdy-ScaLr RELATIONSHIP OF BLUEGILL 
T.L. = 0.74 + 1.03 Se. 
551 Fish in 36 groups at 0.2 inch intervals. 
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utilizes a microprojector which projects a magnified image of the scale 
upon a translucent screen where it is easily read and measured. 

Whenever possible all scales from one pond were read at one sitting 
in order to determine more readily any false annuli that might be 
present. False annuli in bluegill scales were described by Ricker 
(1942). 


Bopy-LENGTH-SCALE LENGTH RELATIONSHIP 


Scale measurements were made from the focus perpendicular to the 
central anterior margin of the scale. 

In order to do corrected growth studies it was necessary to de- 
termine the body length-scale length relationship which gives an un- 
known (y intercept) to be used in the growth formula. In bluegill 
the y intercept represents the approximate length of a bluegill at the 
time of scale formation. 

Weese (1950) found that the calculated intercept value for white 
bass, Morone chrysops, increased with age. Since this is probably 
true for other fishes as well, 50 young bluegill between one and three 
inches were captured in November, 1952, for use in this study so that 
the y intercept would be more accurate. 

551 fish were grouped into 36 groups at 0.2 inch intervals as shown 
in Figure 1. 

A regression line having a y intercept of 0.74 and a slope of 1.03 
was found to fit the plotted data. This line was determined by the 
Method of Least Squares. 


Formulae used were: 
y=a-+xn 
y = total body length 
a =a constant 
= a constant 


x = seale length from focus to anterior margin 


ea Ci ial Cire) =(2 ay) (x) 
Mine. croups) ©. x) “—@ x) 
p — (no groups) (2 xy) —(2 x) (2 y) 


~ (no. groups) (2 x?) — (2 x)? 
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The y intercept of 0.74 inch represents the approximate length of 
the fish at the time of annulus formation. Bennett, Thompson, and 
Parr (1940) found that bluegill in [linois were about 0.87 inch long 
when scales were formed. Ricker, (1942) working with bluegill from 
northern Indiana lakes found that scales were formed when fish were 
20 mm. (0.79 inches) in length. 


DETERMINATION OF AGE 


The validity of the scale method of determining age for bluegill 
has been proven by several investigators (Mackenthum, 1947, Potter, 
1925, Ricker, 1942, Scoffman, 1938, 1945, 1948, and Tompkins and 
Carter, 1951). 

An age composition and length-frequency distribution study is 
given to show the validity of annuli as year marks (Table I). 


TaBLE I. AGE COMPOSITION AND LENGTH-FREQUENCY DISTRIBUTION OF WESTERN 
KENTUCKY BLUEGILL COLLECTED FROM JUNE, 1952 To SEPTEMBER, 1952 


Age Group 
Length = SS] one 
0 1 2 3 + 5 Number OG, 

DAQE2 AN es Nee al 2 HA if 2 0.4 
PaO P as) pn tre ain eo 6 3 a 9 se 
ORS Aenea aie 14 15 si 29 5.6 
3.5-3.9.. 8 22 4 ci 34 6.6 
4.04.4........... 3 44 14 1 Kg 62 12.0 
ASAIO Aen ee 3 35 23 4 a4 65 1255 
Dee ean ye & 31 24 6 hs 61 11.9 
SOHO LO secs alec 1 33 28 12 1 & 14.5 
GAOZO AS eet ae te 14 41 22 1 78 15.1 
Gr 6,9) ae ae ae 4 26 17 1 48 9.3 
OSA ANS ea Sain 10 14 3 1 28 5.4 
BORE OR Aen new 2 10 7 3 1 23 4.4 
ShOSS As Nee Me 1 2 3 0.6 
tee a Re Rime re ee ae Ne ne ae oe Ae 0 0.0 
DRO ROTA ca era ee Ae me Ne ie a 1 1 0.2 

Motel wwe nae 30 208 )) 180 84 11 3 518 100.2 

OT eEee Roe ae ine Coy SOE 2 S4eOl LOe2| oe Zell OSG ine tO0 ae 


In order to make a comparison, a direct proportional growth rate 
study was made on the same 518 fish used in Table I. The formula 
was: 


ast 


es Sx 
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L; = Total length of the fish 

L, = Length of fish at annulus x 

S: = Total length of the scale (as measured on scale machine) 

S, = Length of scale to annulus x (as measured on scale machine) 
The fish appear larger in Table I than they do in Table II. This 


TABLE II. DirEcT PROPORTIONAL GROWTH RATE OF WESTERN KENTUCKY BLUEGILL 
COLLECTED FROM JUNE, 1952 TO SEPTEMBER, 1952 


Length at end of year of life 


Age Group Number Total 


Fish Length 1 2 3 4 5 
Vo eee 34 3.3 EE oe ee 
See 206 4.7 3.2 ALS se hae 
2d 5 Ace ea ee 178 5.7 3.1 4.8 day a 
eae opps es Rents $ 86 6.4 7a § 4.6 5.7 ae ae 
hag 2 ae Nee 11 7.2 3.2 4.8 5.9 6.7 PCE 
SA Sia Sits 3 7.8 3.4 4.3 5.8 6.7 7.2 
Average growth size............... 3.08 4.73 5.73 6.70 7.20 
Increment of growth.............. 3.08 1.65 1.00 0.97 0.50 
Mow fsh DUS) vec cia gtlags «faces. 484 278 100 14 3 


is explained by the fact that lengths shown in Table II are figured for 
the time of annulus formation which is in the early spring. The 
lengths shown in Table I were taken in the middle of the summer. 


Rate oF GROwTH 
A corrected growth rate was used employing the formula: 


le 0.746. (ly — 0:74) 
St 


L, = Total length of fish when annulus x was formed. 

L, = Total length of fish. 

Sx; = Seale radius from focus to annulus x. 

S_ = Total scale radius from focus to anterior margin. 
0.74 = A constant determined in body-seale study. 


Table III is given to show the average growth rate for all the blue- 
gills captured for this study. 

The rate of growth shown in Table III would have been much 
greater if the ponds had been managed properly. Most of these ponds 
had not had any management except the initial stocking and a little 
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TABLE III. CoRRECTED GROWTH RATE FOR 751 BLUEGILL TAKEN FROM 58 FARM 
Ponpbs IN 20 CoUNTIES IN KENTUCKY 


Length at end of year’s growth 
Age Group Number Total §|———-——— ————— 


Fish Length 1 2 3 4 5 
OR isan crear 56 3.44 ee 
A SA SSSR Ea 265 4.76 3.42 Bee 
DiRees ain Seercen tits 274 5.85 3.50 5.07 mle 
Died oe mearaaieed 142 6.47 3.08 4.79 5.83 uO ie 
(LINC aeareh oer 11 7.23 3.40 5.10 6.05 6.74 ue 
Rapa a AOkE, Bs 3 7.83 3.81 4.70 5.96 6.85 7.29 
Average growth size.............-...- 3.38 4.98 5.85 6.76 7.29 
Incrementioimerowthe yeas ania 3.38 1.60 87 91 558) 
Motalenishycolecwycmecne occa eee ee 695 430 156 14 3 


or no harvest of the fish. A few of the ponds had been fertilized im- 
properly. 

According to Table III the average bluegill will reach a 6-inch 
length during the fourth summer of growth. This represents the 
minimum length that is desirable for most fishermen. 

Scoffman (1938) stated that bluegill reached 6 inches in length 
during their fourth summer in Reelfoot Lake, Tenn. In his 1948 
study on the same lake the bluegill reached 6 inches during the second 
summer. Ricker (1942) described bluegill from lakes in Indiana as 
being 3.75 inches long at the time of the third annulus formation. 

The Soil Conservation Service divided Kentucky into six major 
soil groups for this study. A corrected growth rate study was done 
for each of these soil groups and the six studies are combined in 
Table IV. 


TABLE ITV. COMPARISON OF CORRECTED GROWTH RATES FOR 751 BLUEGILL TAKEN 
FROM 58 Farm PONDS IN THE Six Soin REGIONS oF KENTUCKY 


No. of | No. of 

Ponds Fish 1 2 3 4 5 
Outer Blugrass..... 8 146 3.34 5.14 6.08 7.22 
Jnner Bluegrass..... 5 43 2d 4.57 5.47 uA 
Eastern Coalfield... 9 75 35 00) 5.32 5.67 
Pennyroyal........ 5 61 Bold 4.72 5.46 6.42 
Western Coalfield. . . 2, 248 33 Ay 5.04 6.13 6.37 Beat 
Jackson Purchase... 19 178 DoH 4.79 5.63 Wee, 7.29 


Although the Inner Bluegrass appears to produce the poorest 
growth, it should be noted that only 43 fish from 5 ponds were studied. 
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Ten ponds were checked but only 5 were considered suitable for 
erowth studies. The best growth was seen in the Outer Bluegrass. 

The length-weight relationship of 567 bluegill is plotted in Figure 
2. The standard equation is: 

WCF 

W = weight of fish 

L = length of fish 

C =a constant 

n = a constant 


In order to plot the length-weight relationship on a standard 
graph the formula was changed to log W = log C+-n log L. By the 
method of Least Squares log C was determined to equal —3.3302 and 
n to be 3.2501. The resulting formula used to plot the curve is log 
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Fig. 2. LENGTH-WEIGHT RELATIONSHIP OF BLUEGILL 
Log W = —3.3302 + 3.2501 Log L 
Average total lengths are based on 0.2 inch intervals with sexes combined. 


W = —3.3302 + 3.2501 log L. 
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Figure 2 and Table III can be considered when studying manage- 
ment practices that may be employed in the various farm ponds in 
Kentucky. Since the present study represents a random sampling » 
with an attempt to determine the average growth, an ideal pond 
would produce better growth than that shown in Table III. Also the 
fish would weigh more at a given length than the fish do in Figure 2. 


DISCUSSION 


This study was designed to determine the average growth of blue- 
gill that can be expected in Kentucky’s 110,000 farm fish ponds. Be- 
tween June 10, 1952 and September 20, 1952 scales were taken from 
751 bluegill collected in 58 ponds located in 20 counties. 

The body-scale length relationship was plotted and a regression 
line having a y intercept of 0.74 inch and a slope of 1.03 was found 
to fit the data. 

Plotting age composition and length-frequency distribution can 
be used advantageously if a scale machine is not available. Direct 
proportional growth studies are more accurate but corrected growth 
studies are the most desirable. 

The average length in inches of the 751 bluegill at the time of 
annulus formation was 3.38, 4.98, 5.85, 6.76 and 7.29 respectively. The 
average bluegill is in its fourth summer’s growth when it reaches 6.0 
inches in length which is the minimum length desired by most of 
Kentucky’s bluegill fishermen. 

Separate studies were done for the six major soil groups. The 
Outer Bluegrass produced the best growth and the Inner Bluegrass 
appeared to be the poorest. The apparent growth rate in Inner Blue- 
grass may be misleading because of the limited sample. 

Figure II shows the length-weight relationship which can be used 
to determine the condition of a bluegill. A bluegill in excellent con- 
dition would be heavier than the average bluegill of the same age in 
this study. 

Similarly, these results may be used to determine the effectiveness 
of any management practice which may be employed in Kentucky 
ponds. If the practice is effective the growth will be faster and the 
bluegill will be in better condition. 
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Chlorpromazine and Rat Brain and Liver 
Metabolism 


SANFORD L. JONES AND JAMES W. ARCHDEACON 
Department of Anatomy and Physiology, University of Kentucky 
Lexington, Kentucky 


INTRODUCTION 


eee oer Namajuska, and Cochrane (1) report an inhibitory 
action of chlorpromazine on glycolysis of brain homogenates. If 
the drug acts in the glycolytic scheme as a blocking agent it may be 
suspected that the respiration of tissues generally would be affected 
adversely by the compound. Finkelstein, Spencer, and Ridgeway 
(2) measured the oxygen consumption of cat heart ventricle slices 
and brain cortex slices and homogenates with the Warburg technique. 
They observed an inhibitory effect on the metabolism of both of these 
tissues with chlorpromazine. Abood (3) reports that chlorpromazine 
uncoupled the oxidative phosphorylation of rat brain mitochondria 
and inhibited cytochrome oxidase in concentrations not affecting oxy- 
gen uptake. 

The following study was made of the effects of chlorpromazine* 
on brain and liver respiration in the rat. Liver was included as a 
conventional tissue to observe whether the respiration of this tissue 
responded similarly as brain to the drug. If so, it seems this 
would be further evidence for a general tissue inhibitory effect of 
chlorpromazine. The standard Warburg constant-volume respiro- 
metric technique was employed and measurement made of oxygen 
consumption of rat whole brain slices and liver slices with and without 
the addition of chlorpromazine to the flasks. 


EXPERIMENTAL 


Adult non-fasting rats of both sexes were used in these studies. 
Brains and livers were obtained from sixteen animals. The tissues 
were sliced with safety razor blade. In the case of brain whole organ 
saggital slices were made without respect to any regional morpho- 
logical structures. The sliced tissues were placed in Warburg flasks, 
each containing 2.2 ml. of Krebs-Ringer-phosphate solution, buffered 
at pH 7.4, and .2 ml. of .01 M glucose solution. .2 ml. of potassium 


* Supplied as Thorazine by Smith, Kline, and French Laboratories. 
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hydroxide solution was placed in the center well of each flask for 
carbon dioxide absorption. The concentrations of chlorpromazine 
solutions used throughout the study were .001 M, .025 M, and .05 M. 
The volume of the particular chlorpromazine solution added to the 
flask was .2 ml. The actual operative concentrations of chlorprom- 
azine in the flasks were 7.7 x 10—5M, 1.9 x 10—°M, and 3.8 x 10-3M 
respectively. The temperature of the water bath was 37 degrees 
C. The flasks were gassed with oxygen at the beginning of each 
experiment. Manometer readings were made at intervals of ten 
minutes during a period of two hours. Calculation of oxygen con- 
sumption was made on the basis of wet weight. 


RESULTS 


The Qos values shown in Table I are actual values for the first 
hours consumption of oxygen. The latter time was chosen as an arbi- 
trary basis for comparison although the respiratory rate was fairly 
steady for the two hours during which measurement was made. It 
is evident that the chlorpromazine in .025 M and .05 M concentrations 
exerted a definite inhibitory effect on the metabolism of both rat brain 
and liver. The degree of inhibition varied from 35.0% to 56.0%. 
These findings, along with those of others (1) (2) (3), seem to indi- 
cate that chlorpromazine has no unique effect on the oxygen consump- 
tion of brain tissue but that rather other tissues respond similarly 
to the drug. 

It is clearly evident that chlorpromazine in the larger concentra- 
tions acted as an oxygen consumption depressant, and the effect was 
as pronounced with the .025 M as with the .05 M chlorpromazine. In 
fact, the former concentration with liver seems to have exerted a 
ereater degree of inhibition than the latter concentration. However, 
this is apparently complicated by the fact that the respiratory rate 
of the control liver in one series was greater than that of the other. 
It is quite apparent that the chlorpromazine in the quantities used 
markedly inhibited cellular respiration of both brain and liver. 

A series was conducted on liver with .001 M chlorpromazine. The 
data are shown in Table I. There seemed to be a slight increase, 
about six per cent, in respiratory rate that occurred with use of the 
drug at this level. In this connection, it is interesting that Abood 
(3) found that chlorpromazine at a low level of concentration pro- 
moted a slight uptake of oxygen of rat brain mitochondria and at a 
high level of concentration inhibited oxygen uptake. It is evident 
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in the present studies that marked inhibition of respiration in both 
brain and liver began to be operative somewhere between the .001 M 
and the .025 M concentrations of the drug. 


SUMMARY 


The clinical effects of chlorpromazine on the central nervous sys- 
tem are well known and invite further study as to the action of the 
drug at the cellular level. The present study has been made relative 
to the respiration of rat brain and liver as affected by chlorpromazine. 
The drug at a high level of concentration quite markedly inhibits oxy- 
gen consumption, and at a low level of concentration it seems to either 
slightly stimulate or have practically no effect on oxygen consumption. 
It is concluded that the evidence points toward chlorpromazine having 
a depressing effect on the respiration of tissues generally. 


TABLE 1. OxYGEN CONSUMPTION FOR First Hour 


Number of Average % 
Flask Qoz Increase 
Determina- | (Microliters or P 
tions 0./100 mg./hr.)} Decrease Value 
BRAIN 
.05 M Chlorpromazine....... 10 29.7 —35.0 01 
Comtrols ie cei eee peta 10 46.0 
.025 M Chlorpromazine...... 10 39.2 —35.1 Ol 
Control, Saae ea hoe eae 10 60.4 
LIVER 
.05 M Chlorpromazine....... 17 37.3 —33.1 01 
Controle... Herat oe 17 SIAC 
.025 M Chlorpromazine...... 12 36.8 —56.0 01 
Controle areas 12 83.8 
-001 M Chlorpromazine...... 12 66.6 + 5.6 02 
Controle es eons ae 12 62.8 
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News and Notes 


Dr. Herbert P. Riley of the Department of Botany, University of Kentucky, 
has held a Fulbright lectureship in the Union of South Africa this academic year. 
He has been associated with the University of Pretoria, the University of Cape 
Town and Rhodes University. Besides doing some teaching, he has conducted 
seminars in advanced genetics and has had time to earry on his research in 
eytology. 

Nazareth College, Louisville, is defraying part of the cost of publishing this 
issue of the TRANSACTIONS. 


INSTRUCTIONS FOR CONTRIBUTORS 


The TRANSACTIONS OF THE KENTUCKY ACADEMY OF SCIENCE is a medium of 
publication for original investigations in science. Also as the official organ of the 
Kentucky Academy of Science, news and announcements of interest to the mem- 
bership are published therein. These include programs of meetings, titles, abstracts 
of papers presented at meetings, and condensations of reports by the Academy’s 
officers and committees. 

Papers may be submitted at any time to the editor or one of the associate 
editors. Each manuscript will be reviewed by one or more persons qualified in the 
field in addition to the editors before it is accepted for publication, and an attempt 
will be made to publish papers in the order of their acceptance. Papers are ac- 
cepted for publication with the understanding that they are not to be submitted 
for original publication elsewhere, and that any additional printing shall be at a 
later date and shall be designated in an appropriate credit line as a reprint from 
the TRANSACTIONS OF THE KENTUCKY ACADEMY OF SCIENCE. 

Manuscripts should be typed, double-spaced, with wide margins, on paper of 
good stock. The original and one carbon copy should be submitted, and the author 
should retain one additional carbon copy. It is desirable that the author have his 
colleagues read the manuscript for clarity of expression and typographical or other 
errors. 

Titles must be clear and concise, and provide for precise cataloging. Textual 
material should be in clear, brief, condensed form. Footnotes should be avoided. 
Tables and illustrations are expensive and should be included only to give effective 
presentation of the data. Articles with an excessive number of tables or illustra- 
tions, or with poorly executed tables or illustrations, may be returned to the author 
for modification. 

Line drawings will appear as text-figures, while half-tones or other processes 
requiring paper inserts will appear as plates. Text-figures should be jet-black on 
white; shading may be indicated by stippling or lines but not by half-tone washes. 
Drafting should be carefully done (hand lettering generally is not satisfactory). 
Photographs for plates should have good contrast and be printed on glossy paper. 
Plates and text-figures are to be numbered consecutively and independently; on the 
back of each its number and the author’s name should be written lightly in pencil. 
Each plate and text-figure must be referred to specifically in the text and must 
be provided also with a legend, the latter to be supplied as typed copy separate 
from the figures. Figures should be arranged into groups whenever possible and 
the legend for each group written as a separate paragraph. The amount of reduc- 
tion desired should be indicated and should be consistent with the page dimensions of 
this journal. Indications of magnification should apply to the reduced figure. 

The aim of the paper should be made clear in the introductory portion. If the 
paper is of more than a few pages it should contain a brief ‘‘Summary,’’ which 
should be lucid without recourse to the rest of the article. In the interest of biblio- 
graphie uniformity, arrange all references under a ‘‘Literature Cited’’ heading, 
in either of two sequences: (a) alphabetically by author and date, unnumbered, with 
textual citation by parenthetic insertion of author and date, as (Jones, 1940), or (b) 
numbered in the sequence in which textual citation by numbers is made, as (1), 
(2), ete. Use initials for given names. Titles of books must be included, but 
those of articles in a serial may be omitted at the author’s discretion. Abbreviate 
names of journals, using the form employed by Chemical Abstracts or Biological 
Abstracts. Separate the volume number from page numbers by a colon. References 
to books should include also the place of publication and the publisher. 

The author is responsible for correcting the galley proof. Extensive alterations 
from the original are expensive and must be avoided or paid for by the author. 
Galley proofs must be returned promptly. Blanks for reprint orders will be sup- 
plied with the galley proof. 
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Austin Ralph Middleton 1881-1956 


Ox Aprit 11th of this year Austin Ralph Middleton, Emeritus Pro- 
fessor of Biology, passed away after many years of service to the 
University of Louisville and the Kentucky Academy of Science. He 
was born on April 4, 1881, in Baltimore, Maryland, and received most 
of his academic training in that city. He graduated from the Balti- 
more Teachers Training School in 1902, and after a fews years’ experi- 
ence in public school education he entered the Johns Hopkins Uni- 
versity from which he graduated with the A.B. degree in 1910. Five 
years later he was awarded the degree of Doctor of Philosophy by his 
Alma Mater, and in 1916 he commenced his lengthy career at the 
University of Louisville. He organized and developed the then-new 
Department of Biology, serving as its first Chairman and directing its 
growth for several years. 

Although especially interested in the genetics of Protozoa, a field 
in which much of his research activity centered, his tastes and in- 
terests were varied. He was a member of several scientific and social 
societies both in this country and abroad. In 1910 he accompanied 
a group from Johns Hopkins on a scientific expedition to Jamaica, 
and later led his own biology students on summer field trips to 
Central America in 1933 and 1934. 

In 1926 Dr. Middleton was elected to the presidency of the Ken- 
tucky Academy of Science. For several years prior to his death he 
was the Academy’s representative to the A.A.A.S. Council of State 
Academies, serving as president of that body in 1952. 

In the Louisville community he was well-known and admired. He 
was active in Kiwanis Club affairs and played an important role in 
strengthening bonds between the University of Louisville and other 
groups within the city. His appointment to a Kentucky Coloneley in 
1927 was an expression of state-wide admiration. 

Austin Ralph Middleton is remembered with real affection by his 
former students and his colleagues as a pleasant and friendly gentle- 
man who achieved much during his long career as a teacher, admin- 
istrator and scholarly investigator. 
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The Reaction of Phenylmagnesium Bromide with 
N-Methylisatin 
Warp C. SUMPTER AND W. WALLACE Hunt* 
Western Kentucky State College, Bowling Green, Kentucky 


Ir HAS BEEN SHOWN by Witkop and Ek (1) that the hydrolysis of 
the ethereal solution of the complex (II) resulting from the interac- 
tion of phenylmagnesium bromide with N-methylisatin (I) using a 
mixture of ice and sulfuric acid as the hydrolytic agent results in 
concomitant formation of IV, colorless needles, m.p. 176-7° and of 
V, yellow rods, mp. 174.5°. Like Witkop and Ek we find that hy- 
drolysis of II with ice and sulfuric acid gives a mixture of IV and V. 

However, when the complex (II) is hydrolyzed with a mixture of 
ice and a saturated solution of ammonium chloride the product is IV. 
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On the other hand hydrolysis of the complex (II) by a mixture of 
ice and concentrated hydrochloric acid yields compound V (Fig. 1). 

It appears that the course of the rearrangement of the glycol (III) 
depends on whether it behaves normally or as a pseudo-base (2). In 
the presence of strong acid the basic properties of III manifest them- 
selves. When the sulfuric acid-ice mixture is employed the pro- 


* Research Corporation Fellow 1951-52. Present address: Department of Chemistry, 
Ohio State University, Columbus, Ohio. 
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portions of IV and V vary with the relative amounts of the two 
components of the hydrolytic mixture. In support of this concept is 
the further fact that the complex from N-phenylisatin and phenyl- 
magnesium bromide on hydrolysis gives almost entirely the oxindole 
(N-phenyl analog of IV) (3) with but slightly more than a trace of 
the indoxyl (N-phenyl analog of V). If our concept of the reaction 
mechanism is correct this would be expected because of the decreased 
bacisity of the ternary nitrogen atom bearing a phenyl group. In 
keeping with this idea is the fact that 9-acetyl-10, 11-dihydroxyhexa- 
hydrocarbazole (VI) rearranges in the presence of acid (Fig. 2) to 
give VII rather than VIIT (4). This would be expected also because 
of the decreased basicity of the ternary nitrogen in VI. 
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EXPERIMENTAL 

3, 3-Diphenyl-1-methyloxindole (IV). Four grams (0.025 mole) of N-methylisatin 
was added in small portions to a solution of 0.125 mole of phenylmagnesium 
bromide in 100 ml. of anhydrous ether. The mixture was heated under reflux 
for two hours and poured slowly with constant stirring into a mixture of 100 
gms. of ice and 300 ml. of saturated ammonium ehloride solution. The mixture 
was allowed to stand 48 hours after which the granular solid mass which separated 
was collected. The yield of crude product was 7.1 gms. The m.p. after several 
erystallizations from ethanol was 176-7°. A mixture with an authentie sample 
of IV prepared by treatment of N-methylisatin and benzene with anhydrous 
aluminum chloride (5,6) showed no depression in m.p. 

2, 2-Diphenyl-1-methylindoxyl (V). Four grams (0.025 mole) of N-methylisatin 
was added in small portions to a solution of 0.125 mole of phenylmagnesium 
bromide in 100 ml. of anhydrous ether. The mixture was heated under reflux for 
two hours and added very slowly with constant stirring to a mixture of 100 gms. 
of ice and 300 gms. of 12N hydrochloric acid. The mixture was allowed to stand 
for 96 hours and the brownish yellow granular mass which separated was col- 
lected. The yield of crude produce was 6.8 gms. After several erystallizations 
from ethanol the substance was obtained as yellow rods, m.p. 174-5°. The sub- 
stanee exhibited marked fiuorescence in ethanol solution. 
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The Salientia of Kentucky: Identification 
and Distribution 


Roger W. BARBOUR 
Department of Zoology, University of Kentucky, Lexington, Ky. 


INTRODUCTION 


F ROGS AND TOADS constitute unquestionably the most obvious segment 
of the amphibian fauna of Kentucky. Even so, little has been pub- 
lished concerning the distribution of the various species in the state, 
and it is widely scattered in the literature. In an effort to make 
readily available what data there are, the writer has surveyed the lit- 
erature and found 27 papers dealing in whole or in part with the 
distribution of the frogs and toads of Kentucky (see Bibliography). 
No claim is made that the bibliography is complete. It is felt, how- 
ever, that it does include the great majority of the major papers, and 
most of the minor ones. Additions brought to my attention will be 
most welcome. 

Approximately 2000 specimens of frogs and toads, collected by 
the author and his students during the past several years, are de- 
posited in the University of Kentucky zoological collections. Credit 
is due the Research Fund Committee of the University of Kentucky 
for financial assistance in the collection of many of these specimens. 

Distribution data from the literature and the specimens in the col- 
lections of the University of Kentucky were combined, and the ac- 
companying distribution maps prepared for those species whose dis- 
tribution is not statewide (Fig. 1). There is little doubt that there 
are errors, both of omission and commission, in certain of the maps, 
notably those for Scaphiopus holbrooki holbrooki, Microhyla carolinen- 
sis carolinensis, and Rana sylvatica sylvatica. One should not infer 
that any particular species may easily be collected anywhere within 
the indicated range. There are frequently rather extensive areas 
within the range where the species does not occur, or as is more 
likely, has not been reported. The maps, sketchy as they are, are pre- 
sented in the hope of stimulating further research. 

Eighteen species of frogs and toads are known to occur in Ken- 
tucky ; the author has observed and collected 17 of them in the state. 
The other, Hyla cinerea cinerea, is included on the basis of literature 
records. 
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Fig. 1. Distribution maps for those species of frogs and toads occurring in 

Kentucky whose distribution is not statewide. The range is indicated by the lined 

area. A—Scaphiopus holbrooki; B—Hyla cinerea; C—Hyla phaeocrypta; D— 

Hyla squirella; E—Pseudacris brachyphona; F—Pseudacris nigrita; G—Rana 
arcolata; H—Rana_ sylvatica; I-——Microhyla carolinensis. 


The key to species and subspecies of the frogs and toads occurring 
in Kentucky is the latest revision of one used in the author’s classes 
for the past several years. 


CHECKLIST OF THE FROGS AND Toaps oF KENTUCKY 


Family Pelobatidae 


Scaphiopus holbrooki holbrooki Harlan Spadefoot Toad 
Family Bufonidae 


Bufo terrestris americanus Holbrook American Toad 

Bufo woodhousei fowleri Hinckley Fowler’s Toad 
Family Hylidae 

Acris gryllus crepitans Baird Cricket Frog 

Hyla cinerea cinerea Schneider Green Tree Frog 

Hyla crucifer crucifer Wied Spring Peeper 

Hyla phacocrypta phaeocrypta Cope Bird-voiced Hyla 

Hyla squirella Sonnini and Latreille Squirrel Tree Frog 

Hyla versicolor versicolor LeConte Gray Tree Frog 

Pseudacris brachyphona Cope Mountain Chorus Frog 

Pseudacris nigrita feriarum Baird Swamp Chorus Frog 


Pseudacris n. feriarum X P.n. triseriata| Swamp Chorus Frog 
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Family Microhylidae 
Microhyla carolinensis carolinensis Hol- 


brook Narrow-mouthed Toad 

Family Ranidae 

Rana areolata circulosa Rice Gopher Frog 

Rana catesbeiana Shaw Bullfrog 

Rana clamitans Latreille Green Frog 

Rana sylvatica sylvatica LeConte Wood Frog 

Rana pipiens sphenocephala Cope Southern Leopard Frog 

Rana palustris LeConte Pickerel Frog 


KEY TO TO THE SPECIES AND SUBSPECIES OF KENTUCKY SALIENTIA 
PMS EOSOMG (0 62 2s. fare ce tee he wk es ecko nue Smee ee 2 
MUMMLREMIG SANSONE Ot. Aedes ales cae ave wulele maaan 4 
2a. Cranial crests absent; dorsum relatively smooth; venter 

smooth; with a large, flat, sharp-edged spur on hind foot 
(Family PELOBATIDAE) 
Scaphiopus h. holbrooki (Spadefoot Toad ) 
2b. Cranial crests present; dorsum rough; venter granulated ; 
with a small, thick, blunt spur on 
bind oot Ch amily GUPONIDAN) 2. Al. ete a ee 3 
3a. Few (usually less than three) warts per color spot; cranial 
crests conspicuous; femoral warts generally with spines 
Bufo terrestris americanus (American Toad) 
3b. Several (generally more than three) warts per color spot; 
cranial crests less conspicuous; femoral warts generally with- 
OM Spies: v.25... <. Bufo woodhousei fowleri (Fowler’s Toad) 
4a. With adhesive dises on the tips of the toes (Family Hyztmar) 5 
4b. Without adhesive dises on the tips of the toes .............. 15 
5a. Alternating light and dark bands on upper jaw 
Acris gryllus crepitans (Cricket Frog) 
5b. No aliotnatine light and dark bands on upper jaw 
6a. No dark stripe before, through, or behind the eye .......... 7 
6b. A dark stripe before, through, or behind the eye ............ 8 
7a. With a distinct white line on upper jaw, continuing below eye 
anto side YAY: Hyla cinerea cinerea (Green Tree Frog) 
7b. With no distinct white line on upper jaw that continues 
ento sige). 2). Se Ne Hyla squirella (Squirrel Tree Frog) 
8a. A light spot below the eye; dorsum relatively rough 
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8b. No light spot below the eye; dorsum relatively smooth ....... 10 
9a. Pigmented cross on the back generally towards the rump; rear 
of groin green in life; bars on both fore and hind limbs 
Hyla p. phaeocrypta (Bird-voiced Hyla) 
9b. Pigmented cross on the back generally towards the head; rear 
of groin orange in life; bars generally absent or inconspicuous 


Oia roves) INMOS) 546646 eb oo Hyla v. versicolor (Gray Tree Frog) 
10a: No stripesior mottling, on back ay.) 2s nee de ee eee il 
10b:) Wath stripes|and//or mottling on back! 2.005 ene ae 12 
lla. Tibia length averaging more than 50 percent of snout-vent 
length ....Pseudacris ngrita feriarum (Swamp Chorus Frog) 
11b. Tibia length averaging less than 50 percent of snout-vent 
length 


Pseudacris n. feriarum X P. n. triseriata 
(Swamp Chorus Frog) 
12a. Dorsal pattern of many small, irregularly spaced dark spots 


CPSCUudacris: NUgTitG) 6. ures cc. sb lend ees oe Oe 11 
12b:) Dorsal pattern of stripes, or bold markings +2222.) se ee 13 
13a. With a more or less distinct mid-dorsal stripe that is generally 

divided) caudally, (Rseudacrs nivgrita) ons ees eee 11 
13b. Mid-dorsal stripe absent, or when rarely present, not divided 

@arracalliliyiss pe ssa Rss evant ey cieais x sis ce mn cay Shee Sy OSU auatame clad aaa ce ee 14 
14a. Oblique cross on back ...... Hyla c. crucifer (Spring Peeper) 


14b. No oblique cross on back; ‘‘H’’ pigmented on back 
Pseudacris brachyphona (Mountain Chorus Frog) 
15a. Feet not webbed; a transverse fold of skin behind the eyes 
Family MicroHYLUDAE) 
Microhyla c. carolinensis (Narrow-mouthed Toad) 
15b. Feet extensively webbed; no transverse fold behind the eyes 


(Family sRANIDAB) ic. 2)2 ls a tielah sleree ls ductae bate: eben 16 
16a. No dorso-lateral folds ......... Rana catesberana (Bull Frog) 
Lob: Dorso-lateral folds: present oiacr say. ae oe oe oe ee ee We 


17a. Dorsal-lateral folds not extending to hip 
Rana clanutans (Green Frog) 


t7by)Dorso-laterall olds extendine, to nipye io... oe eee 18 
18a. Black patch on cheek ........ Rana s. sylvatica (Wood Frog) 
1$b:) No. black patch oni cheek 00 12.9). sic! au. eels. ee 19 


19a. No white line on upper jaw; dorsal spots frequently light 
CEMTeLEC aa cu acre Rana areolata circulosa (Gopher Frog) 
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19b. White line on upper jaw; dorsal spots not light centered ....20 
20a. Two rows of squarish black spots, not white edged, between 
dorso-lateral folds; orange on under parts of hind legs in life 
Rana palustris (Pickerel Frog) 
20b. Two or three rows of rounded, white edged black spots between 
dorso-lateral folds; underparts of hind legs cream or white 
in life. .Rana pipiens sphenocephala (Southern Leopard Frog) 


DISTRIBUTION 


On the basis of distribution, the frogs and toads inhabiting Ken- 
tucky may be divided into five more or less distinct groups. Some 
species are of widespread distribution, and occur throughout the state ; 
some are southern in distribution, and approach the nothern limits 
of their range in Kentucky; some are northern forms and approach 
the southern limits of their range in the state; some are western and 
approach the eastern limit of their range in Kentucky; and others have 
a quite limited range, a segment of which lies in Kentucky. 

WIDESPREAD Species. Bufo terrestris, Bufo woodhousei, Acris 
gryllus, Pseudacris nigrita, Hyla crucifer, Hyla versicolor, Rana 
catesbeiana, Rana clamitans, Rana palustris, and Rana pipiens are all 
of widespread distribution, north, south, east, and west of Kentucky, 
hence might well be expected to occur throughout the state in suitable 
habitats. Evidence at hand indicates that they are state wide in dis- 
tribution, with one notable exception. Pseudacris nigrita is absent 
from the entire northeastern segment of the state (Fig. 1; F). In 
extreme southeastern Kentucky the species is represented by P. n. 
feriarum (Bell, Knox, and Whitley Counties). Elsewhere in the 
state the population is composed of intergrades between P. n. feriarum 
and P. n. triseriata (Barbour, 1956). Acris gryllus, Hyla crucifer, 
and Hyla versicolor, though present, are quite scarce throughout the 
Bluegrass region. 

SouTHERN Species. Scaphiopus holbrooki, Hyla phaeocrypta, 
Hyla cinerea, Hyla squirella, and Microhyla carolinensis are all es- 
sentially southern species, and reach or approach the northern limits 
of their range in Kentucky. Hyla cinerea, Hyla phaeocrypta, and 
Hyla squirella (Fig. 1; B, C, and D) are apparently confined to 
extreme western Kentucky. Microhyla carolinensis (Fig. 1; I) oe- 
eurs across the southern tier of counties in south central Kentucky. 
Scaphiopus holbrooki, (Fig. 1; A) though essentially southern in 
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distribution, occurs in isolated areas considerably to the north of 
Kentucky, but is quite spotty in the nothern positions of its range. 
Kentucky records are few; apparently in this state the distribution is 
spotty, rather than continuous. 

NorTHERN Species. Rana sylvatica is the only northern species 
represented in the state. It occurs throughout the mountains of east- 
ern Kentucky and into western Kentucky at least across the northern 
border of the state (Fig. 1; H). MacIntyre (1926) recorded an ex- 
treme northern species, Rana septentrionalis, from Breathitt County. 
The specimen is no longer extant, but there is little doubt that the 
record is based on a misidentification. 

WESTERN SPECIES. Rana arcolata is a western species that reaches 
the eastern boundary of its range in western Kentucky. The species 
in Kentucky is apparently confined to the extreme western end of 
the state (Fig. 1; G). 

RESTRICTED SPECIES. Pseudacris brachyphona is a species with a 
restricted range, occurring as it does in a narrow belt along the moun- 
tains from Pennsylvania to Georgia. In Kentucky, it is essentially 
confined to mountainous eastern Kentucky, but ranges westward in 
south-central Kentucky at least to Brownsville in Edmonson County, 
and northward along Rolling Fork River into Nelson County. (Fig. 
115 1D) 


SUMMARY 


Of the 18 species of frogs and toads occurring in Kentucky, nine 
range throughout the state in suitable habitats. Maps of the range in 
Kentucky of the remaining nine are presented. In addition, a check- 
list and a key for the identification of all species and subspecies of 
Salientia known to oceur in Kentucky are included. 
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A Study of the Movements and Capture of Some 
Fishes in Fort Gibson Reservoir, Oklahoma 


Hunter M. Hancock 
Department of Biology, Murray State College, Murray, Kentucky 


INTRODUCTION 


ix TOTAL OF 4882 fish of 23 species was captured, tagged, and re- 
leased in Fort Gibson Reservoir between October 20, 1953, and June 
26, 1954. The primary objectives of the tagging program were to 
obtain rough approximations of the numbers of fishes harvested and 
of the extent of fish movements within the reservoir. Procurements 
of data for age and growth studies and population estimates were 
secondary objectives. 

Fort Gibson Reservoir (Fig. 1), located in portions of Cherokee, 
Wagoner, and Mayes Counties in northeastern Oklahoma, was con- 
structed by the U. S. Corps of Engineers for purposes of flood control 
of the lower Grand (Neosho) River and for generation of hydro- 
electric power. The power reservoir, inundating approximately 
19,000 aeres of land, attained complete impoundment for the first time 
in 1953, and there was very little fluctuation during the period of 
this study. 


MeErHops 


The tagging phase of the investigation was conducted conjunc- 
tively with the trapping and netting phase. Only fishes captured by 
wire traps and only those in apparent healthy condition were tagged. 
The tags were numerically stamped strips of aluminum which were 
clamped over the left operculum of each specimen used for this par- 
ticular study. Three tag-sizes were used in accordance with the sizes 
of the specimens. 

The following information was recorded before each specimen 
was released: 

1. Species of fish. 

2. Weight to the nearest quarter of an ounce (later converted to 

nearest hundredth of a pound). 

3. Length to the nearest tenth of an inch. 

4. Date of release. 
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The fish-tagging activities herein discussed were part of an extensive research 
project conducted at the reservoir from September 1953 to September 1954, in- 
elusive. The project, designated as D. J. F4R1, was enabled and administered 
by the Fish and Wildlife Service, U. S. Department of the Interior, and by the 
Federal Aid Division of the Oklahoma Game and Fish Department. 
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NCAT See lok tM Ree IE MANE Ne ae ee Re 
5. Location of release. 

6. Tag number. 


The information was recorded on an envelope containing scale samples 
removed from the left side of the fish. Scale samples, taken from 
below the lateral line of the sucker-type fishes and from above the 
lateral line of all others excepting the catfishes, were later used in 
the laboratory for reconstruction of growth histories. 

Information on recaptures was procured from reports of catches 
by anglers and from field records of returns from the sampling equip- 
ment. The public was acquainted with the tagging program through 
the following media: (1) radio announcements, (2) articles in news- 
papers, (3) articles in the official State Game and Fish magazine, 
(4) addresses to sportsmen and civic clubs, and (5) contacts with 
individual anglers. 

In order to centralize the gathering of information, the anglers 
were urged to send records of recapture to the Oklahoma Game and 
Fish Department at Oklahoma City. It was requested that the follow- 
ing information be sent as soon as possible after the recapture of 
tagged specimens: (1) the removed tag or the tag number, (2) kind 
of fish, (3) date of recapture, (4) approximate location of recapture, 
(5) length and, when possible, weight of specimen. Although most 
recaptures were reported as requested, it soon became apparent that 
many fishermen preferred to leave the tags and pertinent data with 
resort owners and that many desiring to keep the tags as souvenirs 
were leaving records of the tag numbers instead. Consequently, it 
became necessary to make periodic visits to all concessioners, restau- 
rant owners, sporting goods merchants, and game rangers (all of 
whom cooperated admirably) in order to maintain reasonably current 
records of recaptures. In a few instances of recaptures that were 
indirectly reported, it was also necessary to find the anglers and 
convince them that data pertaining to their catches should be im- 
parted. Although some reports were somewhat lacking in detail, ex- 
cellent cooperation was generally experienced. Letters of appreci- 
ation were sent to all who cooperated, as quickly as possible after 
receipt of information. These letters stated where and when their 
specimen had been tagged and the minimum distance it had travelled 
from the point of release. 
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RESULTS 


il 


Fishes recaptured in the sampling equipment (experimental gill 
nets and one inch mesh wire traps) were processed as previously 


described and, if in good condition, were returned to the water. 


A 


summary of the numbers of fishes tagged and recaptured is presented 


in Table I. 


TaBLE I, ANALYSIS OF TAGGING OPERATIONS, FT. GIBSON RESERVOIR, OKLAHOMA, 
OcToBER 1953-JUNE 1954 


NUMBER OF 
Fisa TaGGEeD 


Noumser or Tacs ReETurRNED 
BY GEAR AND ANGLER 


ToTaLs 
Octoper 1953 To Jung 1954, INcLUSIVE 


Total 
Percent 
Re- 
turned 


1.1 


Oct. Jan. Apr. 
Species Nov. Feb. May Total Total Percent 
Oct. | Jan. | Apr. Dec. Mar. June Returned Returned 
Noy.| Feb. | May a Total 
Dec. | Mar.| June} G* A*!/ G A|G A | Tagged/Gear Angler|Gear Angler 
194 | 168 | 3859} — —j} 1 —]| 4 2 
Bluegill 44 | 190 | 456) — —{|— — 7 3 1727 | 12 7 atl 4 
161 | 130 | 268);— —|/— —|— 2 
176 | 108 | 301 1 —|/— —]| 3 10 
White Crappie 117 | 147 | 308} — —|— 1 4 10 1494 | 15 35: | 1-0 228 
113 | 208 | 19} 2 — 3 Buia 9 
140) oO) 080 3 
White Bass 33 | 37 Oy Se 479 | — 5 | — teal 
95} 62) —|}— —]— 2;-—- — 
54] 76)115 |} — —} 1 —] 2 6 
tarzemouthBassh|/c2n| ol) 460) 4 467 3 12 6 2.6 
91 1 oa 1 | — 1 
19} 11) 499) — —J— —]J— 1 
Black Crappie 6 4 4/— —|—- —-J]- — 103 | — 1|— 1.0 
6 3 | aN a 
14}; 10; 60};/— —|]— —]| 2 1 
Warmouth 6 aero a | 167 2 Gh || als74 1.8 
21 il ao 2 
4 Bi] 2h | ey 
Channel Catfish 1 1s ea 1 97 | — 2] — Po 
; 3 4 9};/— —-|]—- -—-|]—- 1 
a6 10 | ad 
Longear Sunfish _ A 12) |p 8 91 4 —| 4.4 — 
2 6 = SS | 
40s |son a 
Green Sunfish 1 De 1 We ee pe 81 3 — Ngee _ 
14 2 3 S— =| SS | Se 
3 CE bp) ee 1 
Spotted Bass 8 ia TU | 69 | — 1/— 1,4 
13 9 2'— —|—- -—-|- — 
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TABLE I (Continued) 


NUMBER OF NuMBER OF Tacs RETURNED TorTaLs 
FisH Taacrep BY GEAR AND ANGLER Octoser 1953 To June 1954, INcLUsIVE 
AMIN Oct. Jan, Apr. 
Species Nov. Feb. May Total Total Percent} Total 
Oct. | Jan. | Apr. Dec. Mar. June Returned Returned | Percent 
Nov.| Feb. | May —-—— Total |————____|_——————_|__ Re- 
Dec. | Mar.| June} G*¥ A*] G A|G A | Tagged|Gear Angler/Gear Angler] turned 
9 1 10 
Redear Sunfish =| = Bf Sy ea Pe 2S) |] — = |= a = 
Oye pots pele We es 
— — 3 — — — — — — 
Smallmouth Bass | — | — 1 4 |— —}— — — 
Flathead Catfish —} = 4/— —|— —}]—- — 4 —_ 
et ee | ae ete eo | reer |e 
Rock Bass —} —} —J—- —-]}— —-J}J—- — 1 |— —|— — — 
A GM a Sa ae 
Rough Fisht — Bi 7 — 0 |= == |= = = 
31.28) 2/— —)— =) — 
Torals....... 1392 |1364 |2126 3° = 5 9 | 31 57) 4882 | 39 66 8 1.4 2.2 


*G=Gear; A=Angler. 
Species and number of rough fish tagged: 


River Carpsucker....26 Carp eat teale 11 Redhorses......... 16 Buffalo (B.M.)..... 1 
Buffalo (Black)... .. 3 Drumtee eee 4 B. Bullhead........ 2 Buffalo (S.M.)..... 9 
Spotted Sucker...... 1 


Although the tags on recaptured specimens were, in many eases, 
loose and had enlarged the pierced holes through the opercula, the 
welfare of the fishes did not generally appear to have been greatly 
impaired by them. Some Saprolegnia was in evidence, and five 
tagged specimens (0.1 percent of the total number tagged and 5.0 
percent of the total recaptured) were found dead in or near the 
sampling equipment. Unfortunately the information regarding 
lengths and weights at recovery was often inadequately expressed 
when furnished by fishermen who caught specimens a long time after 
tagging. 

The data show that 2.2 percent were recovered, with 0.8 percent 
recaptured by sampling gear and 1.4 percent by anglers. Game fishes 
exhibiting the highest percentages of recapture were the largemouth 
bass (2.6 percent), white crappie (2.3 percent), channel catfish (2.1 
pereent), and warmouth (1.8 percent). None of 73 rough fishes of 
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nine species tagged in anticipation of obtaining additional knowledge 
of their growth and movements were recovered. 


BLUEGILL, Lepomis macrochirus Rafinesque 

The bluegill, captured in greatest number, was also the species 
tagged in greatest abundance. Only 17 (1.1 percent) of 1727 tag- 
bearing fish were recovered by anglers and gear combined. Fifty- 
nine percent of the recovered bluegills were taken within a minimum 
distance of one mile of sites of release and 88 percent within 3.0 miles 
(Table Il). The farthest distances travelled were evidenced by two 
fish travelling 5.0 and 5.5 miles in 64 and 30 days respectively. Ap- 
proximately 35 percent of the recovered bluegill were caught within 
10 days after release and 83 percent within one month (Table III). 
TABLE II. Minimum MOVEMENT IN MILES oF TaGGED FISHES IN Fort GIBSON 

RESERVOIR, OCTOBER 1953-JUNE 1954 

| | tee | | | 


el \. | 
Distance White | Blue- | mouth | White | Black | War- | Channel Spotted | Longear| Green | Totals 
in Miles Crappie; gill | Bass | Bass |Crappie) mouth | Catfish | Bass | Sunfish | Sunfish 
| ——— | | | fe | 


Mie hs ot 25 10 ih 8} io 3 | 4 1 52 
Li een ei Ree oe ei) oe roa 1 8 
7 he pasa 5 ar! | | ot 8 
Cs eee 4 | | 4 
BE Bi cs; Zeta 3 | 3 
See ty 2 | | | 3 
Rett | | - 
js eee ieee | | 

Se Peta 1 1 | 1 3 
DELO. Sic oa | = 
i. | | | — 
BOBO. Po. oo i || 1 2 

1 1 | 
42 17 10 2 i 4 Pea aL yn e 34, “Se Oo 84 


| 
| | 


*Recapture data incomplete for some species. Hence totals may not agree with totals in Table I. 


Data contained in Table IV show that the average straight-line dis- 
tance travelled by 17 specimens was 1.1 miles, ranging from zero to 
5.5, and the average time-lapse between tagging and recovery was 
36.5 days, ranging from 3 to 99. Eleven bluegill tagged and released 
between January 27 and May 11 and all recaptured by sampling gear 
were especially considered for growth information. Resulting data 
indicated an average time-lapse of 14 days, no increase in length, and 
an average weight loss of 0.01 pounds. Unfortunately, this species 
of fish was not as eagerly sought by anglers at Fort Gibson as by the 
anglers at nearby Tenkiller Reservoir. This was probably due to the 
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TasLEe III. Trwen-Larse In Days BETWEEN TAGGING AND RECAPTURE OF FISHES* 
IN Fort GIBSON RESERVOIR, OCTOBER 1953-JUNE 1954 


Days Between Large- 
Tagging and | White | Blue- | mouth | White | Black | War- | Channel! Spotted | Longear} Green | Totals 
Recapture |Crappie] gill Bass Bass |Crappie| mouth | Catfish | Bass | Sunfish | Sunfish 
O= 1 ORs 14 6 3 1 3 2 29 
LO=20F Renee 2 3 2 3} 1 1 12 
20-13 0n eee 3 5 2 10 
30-14 0teeee ee 4 1 1 1 7 
40-50: 00.0... 4 4 
Os Wyesdooe i 1 
HIS Vs saacnc 3 1 1 5 
(ME CW; eo oko 3 2 5 
80- 90....... 1 1 
90-100....... 2 1 3 
T0021 0S e eae 3 3 
T10=120 1 1 
120-13 Ones — 
150=2008eeeyee 1 1 4 
42 17 10 2 1 4 2 1 4 2 85 


*Recapture data incomplete for some species. Hence totals may not agree with totals in Tables I and II. 


smaller average size of the Fort Gibson specimens, although sub- 
stantial numbers of six-inch to eight-inch bluegill were available in 
the reservoir. 


TABLE TV. AvrERAGE MINIMUM DISTANCES TRAVELLED AND AVERAGE TIME-LAPSES 
BETWEEN TAGGING AND ReEcoveRY FoR NINE SPECIES oF FISH TAGGED IN Fort 
GIBSON RESERVOIR, OCTOBER 1953-JUNE 1954 


Average 
Minimum Average 
Species Number | Distance Range Time- Range 
of Travelled in Lapse in 
Fish in Miles Miles in Days Days 
White Crappie........... 42 1.8 0.0-21.0 47.0 1-199 
Blue “eee scorn Ae hy Men sen ivi Iga 0.0- 5.5 36.5 3- 99 
Warmouth eee nee 4 A 0.0- 1.5 Wa) 1- 17 
WihitesBassee sere aes 2 26.0 20 .0-32.0 95.0 27-153 
Channel] Catfish......... 2, Zo - 36.5 18- 55 
Spotted Bass............ 1 8.8 - 67.0 - 
Black Crappie........... 1 None - 156.0 - 
Longear Sunfish......... 4 None - 8.2 2- 18 
Largemouth Bass........ 10 1.0 0.0- 9.0 PAO 6- 77 
Green Sunfish........... 2 0.8 0.0- 1.5 5.5 5- 6 


WHITE CRAPPIE, Pomoxis annularis Rafinesque 
A total of 50 (3.3 percent) of 1494 tagged white crappie was re- 
covered by anglers (2.3 percent) and sampling gear (1.0 percent). 
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Of 42 specimens, adequately reported, approximately 59 percent were 
recovered within one mile and 93 percent within five miles. The 
farthest distances travelled were 21, 9 and 5 miles in 64, 33 and 66 
days respectively. Thirty-three percent of recaptures occurred within 
10 days and 52 percent within one month. The longest periods of 
time between tagging and recaptures were 199, 193 and 118 days, in 
which time the fish travelled distances of 1.0, 2.5 and no miles re- 
spectively. The average distance travelled by 42 recaptured fish was 
1.8 miles, ranging from 0 to 21, and the average time-lapse was 47 
days, ranging from 1 to 199. Three tagged white crappie were dead 
in the traps when recovered; two fish were recaptured twice. An 
11-inch specimen, tagged on May 21, was recaptured at the same site 
on May 29 and again at the same site on June 1. Another specimen, 
13.3 inches in length and 1.25 pounds in weight, was tagged on April 
29 and recaptured by trap on May 1. It was then caught by an angler 
at an approximate distance of 25 feet within 15 seconds. This was 
the only case of an immediate recapture by angler of a tagged fish, 
although they often fished in the near vicinity while catches were in 
process of being tagged and released. Four white crappie tagged and 
released at a baited fishing pier (Snug Harbor) on January 4, Jan- 
uary 4, January 5, and February 13 were retaken by anglers at the 
same pier on March 19, March 27, April 26, and April 28 respectively. 
Two other specimens recaptured at the pier had been tagged and 
released at minimum distances of 4.5 and 2.5 miles in opposite di- 
rections after a time-lapse of 42 and 106 days. Complete data rela- 
tive to 16 specimens (mostly recaptured by sampling equipment in 
mid-winter) designate an average gain of 0.07 inches in length and 
0.01 pounds in weight within an average time-lapse of 22 days (range, 
2 to 127). Only three of these were tagged and six recovered after 
May 1, 1954. 


WuitE Bass, Morone chrysops (Rafinesque) 

Only five (1.1 percent) of 479 tagged white bass were recovered— 
all by anglers. Only two reports contained length and/or weight 
data. One specimen travelled a minimum distance of 20 miles up- 
stream in 154 days. The fish, measuring 12.3 inches in length, weigh- 
ing .75 pounds when tagged on October 20, weighed 1.5 pounds when 
recaptured on March 22, 1954. No length at recovery was given. 
Another tagged specimen travelled a minimum distance of 32 miles 
downstream between March 1 and April 7, 1954 (38 days). When 
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tagged and released, the fish was 6.7 inches in length and weighed 0.13 
pounds. The length at capture was reported as approximately 8 
inches by the angler. The weight was not stated. The average mini- 
mum distance travelled by the two white bass was 26 miles, and the 
average time-lapse was 95 days. It would appear, from the limited 
data, that the species moved more extensively than other species in- 
habiting the reservoir. 


LarcemMoutu Bass, Micropterus salmoides (Lacépeéde) 

Of 467 largemouth bass tagged and released, a total of 12 (3.2 
percent) was recaptured by gear and reported by anglers (0.6 per- 
cent and 2.6 percent respectively). Eighty percent of the specimens 
were recaptured within one mile and 30 percent within ten days. The 
average minimum distance travelled was one mile (range, 0 to 9), 
and the average time-lapse was 27.7 days (range, 6 to 77). Analyses 
of data of five specimens tagged and recaptured between December 
28, 1953, and April 23, 1954, indicated an average length gain of 
0.16 inches and an average weight loss of 0.02 pounds within an 
average time-lapse of 25 days. 

These returns are cautiously considered, because of indirect and 
anomymous reports that many anglers were not reporting catches of 
sub-legal sized tagged bass. The 1953 year-class of largemouth bass 
was overwhelmingly dominant and was, therefore, the size-group 
tagged and released in greatest number. As the group was still below 
the legal length limit (with a few exceptions) during the period of 
time covered by the program, many fishermen apparently failed to 
report the recaptures of such specimens because of fear of prosecu- 
tion. Many anglers seemingly remained dubious in spite of the fact 
that the sub-legal sized specimens were tagged in a manner that per- 
mitted the numbers to appear on the outside and could be read with 
minimum likelihood of damage to the fish, and that the fishing public 
was urged to report the numbers regardless of the size of fishes 
caught. One undersized specimen, however, was recaptured twice by 
two different anglers within a period of two days. 


WarmoutH, Chaenobryttus coronarius (Bartram) 

Anglers recaptured three (1.8 percent) and the sampling gear 
two (1.2 percent) of 167 tagged warmouth. The records show that 
all were recovered within two miles (75 percent within 1 mile), and 
that 75 percent were recovered within 10 days after release. The 
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average minimum distance travelled was 0.4 miles, ranging from zero 
to 1.5, and the average time-lapse was 12.5 days, ranging from 1 to 
17. The data further indicated an average length gain of 0.03 inches 
and an average weight loss of 0.03 pounds within the average of 12.5- 
day time-lapse. 


CHANNEL CarrisH, Ictalurus lacustris punctatus (Rafinesque) 

Of 97 channel catfish tagged, only two (2.1 percent) were known 
to have been recovered. None was recaptured by sampling equip- 
ment. A third recovery was indirectly reported but had not been 
verified by the end of the investigation. Both fish had travelled a 
minimum distance of 2.5 miles (each) in an average time-lapse of 
36.5 days, ranging from 18 to 55. Reliable records on one of the 
specimens showed a length gain of 0.5 inch and a weight loss of 0.03 
pounds between April 29, when tagged, and May 16, when recovered. 


LONGEAR SUNFISH, Lepomis megalotis megalotis (Rafinesque) 

All recoveries of longear sunfish were effected by sampling equip- 
ment. Ninety-one specimens were tagged in an effort to learn more 
of their movements, and only 4 (4.4 percent) were recovered. The 
records show that all recaptures were in the vicinities of release and 
that the average time-lapse was 8.2 days, ranging from 2 to 18. One 
specimen was dead when recovered, and another was recaptured 
twice. The data further indicated an average length gain of 0.1 
inches and no change in average weight. 


BLACK CRAPPIE, Pomoxis nigro-maculatus (LeSueur) 

Of 103 black crappie tagged and released, only one was recovered. 
The specimen was caught in the vicinity of release after 156 days 
by an angler, who reported the weight as being % pounds (no length 
given). The fish weighed 0.64 pounds and measured 10.8 inches in 
length when tagged and released. 


GREEN SUNFISH, Lepomis cyanellus Rafinesque 
Three (3.7 percent) of 81 tagged green sunfish were recovered, all 
by sampling gear. One specimen was captured on two successive 
days. The average distance travelled by two specimens was 0.8 mile 
in an average time-lapse of 5.5 days. The records indicated no ap- 
preciable changes in lengths or weights. 
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Sporrep Bass, Micropterus punctulatus (Rafinesque) 
The only one of 69 tagged spotted bass recovered was caught by 
an angler after travelling a minimum distance of 8.8 miles in 67 
days. According to the angler’s report, the fish measured 7.5 inches 
in length and weighed 0.25 pounds when caught on April 20, 1954. 
It measured 7.2 inches and weighed 0.14 pounds when tagged and 
released on February 13, 1954. 


OTHER GAME AND PAN FISHES 
None of 25 redear sunfish, Lepomis microlophus (Giinther) ; four 
smallmouth bass, Micropterus dolomieu dolomieu (Lacépéde) ; four 
flathead catfish, Pilodictis olivaris (Rafinesque); or one rock bass, 
Ambloplites rupestris (Rafinesque), had been recovered at the close 
of the tagging phase herein reported. 


RovucH FISHES 

None of 73 tagged rough fishes of the following nine species was 
recaptured (the number of each kind tagged and released is recorded 
at the bottom of Table I) : black buffalo, Ictiobus niger (Rafinesque) ; 
big-mouth buffalo, Megastomatobus cyprinella (Valenciennes) ; small- 
mouth buffalo, Ictiobus bubalus (Rafinesque); black bullhead, 
Ameiurus melas (Rafinesque) ; carp, Cyprinus carpio Linnaes; river 
carpsucker, Carpiodes carpio (Rafinesque); drum, Aplodinotus 
grunniens Rafinesque; redhorses, Moxostoma spp.; spotted sucker, 
Minytrema melanops (Rafinesque). 


SUMMARY AND DISCUSSION 


A total of 4882 fish of 23 species was captured, tagged, and re- 
leased in Fort Gibson Reservoir, Oklahoma, in an effort to attain 
rough estimates of the amounts of fish harvested and to gain further 
knowledge of their movements. All captures and releases, herein re- 
ported, were effected between October 20, 1953, and June 26, 1954. 

A total of 105 specimens representing 10 species was recovered 
from a total of 4882 specimens representing 24 species that were 
tagged and released. This amounted to 2.2 percent of which 0.8 
percent were recovered by gear and 1.4 percent by anglers. The data 
further show that no more than 4.4 percent of any species tagged were 
recovered by sampling equipment and no more than 2.6 percent by 
fishermen. Moreover, no more than 4.4 percent of any species were 
recaptured by gear and anglers combined. 
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The limited records indicate that the white bass, largemouth bass, 
and spotted (Kentucky) bass respectively moved most extensively, 
while the white crappie, black crappie, and sunfishes in general 
travelled the least. The luring and retaining influences of baited 
areas were suggested by limited records associated with two of the 
public fishing docks, so treated, on the reservoir. Some of the returns 
from the Snug Harbor Pier have previously been discussed. Three 
white crappie tagged and released at a station one-half mile across 
the bay from the Wagoner City Park Dock on February 4, 1954, were 
recovered by anglers at the dock after periods of 1, 74, and 107 days. 

Indirect and anonymous reports were sufficient in number to 
warrant a strong suspicion that more sub-legal sized fish, particularly 
largemouth bass, were caught than were reported by anglers because 
of fear of prosecution. This seemed unnecessary, as it became in- 
creasingly evident during the investigation that the length restrictions 
on the largemouth bass should be reduced or, better still, entirely 
eliminated. It appeared obvious that the teeming 1953 year-class of 
this species was experiencing terrific interspecific competition and 
that vast numbers of these readily biting ‘‘short bass’’ failed to sur- 
vive the ordeal of being disengaged from hooks. 

Although limited and covering a comparatively brief span of time, 
the data seem to indicate clearly that far fewer fish are caught than 
are available in Fort Gibson Reservoir, and that the vast majority 
expire without contributing to human consumption or pleasure. This 
is in agreement with the findings of virtually all biologists who have 
conducted investigations of this nature (Anonymous, 1950; Manges, 
1950; Miller and Bryan, 1947). It has been demonstrated repeatedly 
that there is not only a great loss of available fish flesh because of in- 
adequate harvesting, but that the unharvested fish suppress the 
growth potential of oncoming generations. Stunting and progres- 
sively poorer fishing inevitably seem to follow (Eschmeyer, 1946, 1949 ; 
Jenkins, Leonard, and Hall, 1952). Efforts must be continued to 
convince the fishing public that the interests of conservation regard- 
ing fishes (unlike many less populous species of game) are generally 
best served by sustained harvesting—almost to the point of ruthless- 
ness. 
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A Study of the Economic Impact of Strip Coal 
Mining in Hopkins County Kentucky* 


LEE GUERNSEY 
Division of Natural Science, University of Louisville, Louisville, Ky. 


INTRODUCTION 


Wee RESERVES Of shallow coal seams in Western Kentucky have 
encouraged strip mining. The coal seams usually lie below a maturely 
dissected plateau with rolling hills which permit the use of large 
machinery and aid in the installation of preparation plants and 
transportation lines. Nearly horizontal seams of #6, #9, #11, #12, and 
#14 coal lie within ninety feet of the surface and usually range from 
two to twelve feet in thickness. Normally, clays, limestones, and 
shales, and massive sandstone he above and between coal seams. But, 
in general, physical conditions have facilitated strip mining methods 
in Hopkins County. 

Within Western Kentucky eight counties (Butler, Christian, 
Daviess, Hancock, Hopkins, Muhlenberg, Ohio, and Webster) are 
actively engaged in strip coal mining. The greatest areal extent of 
strip mining has occurred in Hopkins County where about one-half 
of Kentucky’s strip mining has occurred. About one-third of the 
strip mined coal is currently mined from #9 coal. It is typically 
covered with from 20 to 80 feet of overburden; has a thickness of 
from 52 to 72 inches and is generally free from impurities. Nine 
strip-mining companies are stripping the #9 seam in Hopkins County. 
The overlying stratum is gray to blue shale which is generally from 
6 to 10 feet thick. The floor is usually fire clay (1). 

The #11 and #12 coal seams are only a few feet apart and seven 
zompanies in Hopkins County mine them together in strip mining 
operations. The #11 coal seam is 60 to 84 inches thick and is usually 
found below a bed of limestone from 1 to 4 feet thick, but occasionally 
a thin bed of sandstone occurs between it and the coal. A two inch 
blue or gray shale parting normally separates the lower third from the 
remainder of the seam. <A second parting of pyrite frequently occurs 
below the top of the seam (2). 

The #12 coal seam is often of low quality and, since it occurs 


* The research reported in this paper was aided by a grant from the University of 
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above #11, is discarded by four or five companies and left with the 
overburden as they strip mine the #11 seam. The cross-section usually 
consists of 8 inches to 1 foot of top soil, 1 to 4 feet of subsoil, 3 to 12 
feet of sandy shale or massive sandstone, and the #12 coal is usually 
found immediately below silty shale, but occasionally a thin bed of 
sandstone is also present. The #12 coal seam varies from 2 to 5 feet 
in thickness (3). 

The #14 coal seam averages about 71% feet in thickness in Hopkins 
County. This seam supplied coal for large strip mining operations in 
Hopkins County a few years ago. Today, the reserves are exhausted, 
and no operations are presently working the #14 coal. Five seams 
(Numbers 6, 9, 11, 12 and 14) have been strip mined. But, today 
#9 and #11 furnish most of the strip-mined coal in Hopkins County. 


HIsTorRIcAL DEVELOPMENT OF STRIP MINING IN HopKINs CouNTY 


Shortly before the 1900’s the mining of coal by removing the 
entire overburden, rather than digging a shaft to the seam of coal, 
was first begun in Hopkins County. Horses pulling a small bucket 
were used to remove the overburden in early operations. Only out- 
crops of coal covered by thin soft layers of unconsolidated material 
could be worked by these crude stripping methods. Prior to 1914, 
the production of coal by strip mining was carried on in only a small 
way in only small scattered areas. All the coal was sold locally for 
domestic consumption. There was no washing or screening done at 
the mines and the coal was merely loaded into rail cars at the pits 
and marketed without preparation. 

Strip mining has generally increased at a rapid rate in recent years 
because shallow coal seams can be mined more cheaply by stripping. 
Hight reasons why strip mines can operate at lower costs than under- 
ground mines are; (1) there is less labor cost; (2) strip mines use 
larger units of machinery; (3) there is less coal wasted in the strip- 
ping process; (4) the interval of time between investment and full 
production is shorter; (5) strip mine machinery can be used for other 
purposes and thus is more salvable; (6) strip mines have been hurt 
less by strikes; (7) strip mines do not have the engineering problems 
encountered by underground mines; and (8) the strip producers have 
been more enterprising in applying new methods of production. 

In addition to the above advantages, as might be expected, there 
are several disadvantages to strip mining in Hopkins County. The 
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most striking disadvantage is the destruction of cropland. The spoil 
banks, if left ungraded and unplanted, stand as a blot on the natural 
landscape and remove the stripped land from agricultural land uses. 
Low grade natural vegetation will come up eventually, but more spoil 
banks would remain as barren unproductive land for many years. 

The states of Indiana, West Virginia, Illinois and Pennsylvania, 
pioneered in reclamation of stripped lands (4). Strip-mine operators 
begain reforesting spoil banks as early as 1918, but most of the trees 
died. By 1930, several large strip mining companies were planting 
either trees or grasses on their mined-out lands in a voluntary revege- 
tation program. During the 1930’s under the impetus of the C.C.C., 
many acres of strip mined lands were planted in trees. During the 
1940’s these states, along with Ohio and Maryland, officially took 
cognizance of the need for scientific revegetation of the spoil banks 
by passing laws which required the strip coal operator to reclaim the 
acreage stripped. The laws are administered by the Divisions of 
Forestry, Bureau of Mines, Departments of Agriculture, and special 
divisions within the Department of Conservation. From a modest 
beginning in 1918, millions of trees have been planted and several 
hundred acres of pasture are growing on graded, strip-mined lands 
of the central part of the United States. 

The Commonwealth of Kentucky first took official cognizance of 
the need for a law regulating strip mining operations in 1948. The 
members of the General Assembly directed the Legislative Research 
Commission to make a study that year on Strip Mining in Ken- 
tucky (5). An outgrowth of this study is the Strip Mining and 
Reclamation Act. Since July 1, 1954, the Strip Mining and Reclama- 
tion Act has been in effect. It requires, among other things, the coal 
operator to: cover the face of the coal; seal off any break-through ; 
impound water; remove or bury all mine refuse, grade spoil banks 
and provide a vegetative cover (6). Consequently, after July 1, 
1954, all areas strip mined in Kentucky are graded and provided 
with a suitable vegetative cover. This usually costs the strip mine 
operator from $15 to $50 per acre, depending mainly upon the 
physical characteristics of the land graded and revegetated (7). 

The cost of reclaiming the land after the coal seams have been 
strip mined is an added cost to coal operators of about one cent per 
ton. Although the spoil banks offer opportunity for reclamation, too 
often the general assumption is that farm land is made worthless by 
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strip mining. This popular assumption needs qualifying because 
there are various uses for stripped land. If the coal is extracted and. 
it yields a considerable value, and, if the land is reclaimed, the end 
result may be a more efficient land use than would have even been 
obtained by agriculture alone. 


Socio-Economic CHANGES CAUSED BY STRIP MINING 
Population Changes. Sharp differences exist between socio-economic 
patterns of the ‘‘coal mining area’’ and the ‘‘farming area’’ of 
Hopkins County. The ‘‘coal mining area’’ is roughly the southern 
half of the county and includes Magisterial Districts 1, 2, 6, and part 
of 7. The ‘‘farming area’’ includes the remainder of the county or 
Magisterial Districts 3, 4, 5, and part of 7 (Fig. 1). 

All strip: mining is concentrated in the ‘‘coal mining area’’ of 
Hopkins County. Strip mining affects rural settlement types even 
though strip mining seldom destroys a tract of land so completely 
as to make rural settlements impossible. Rather, increasing num- 
bers of persons who live in the ‘‘coal mining area’’ obtain their 
livelihood from non-agricultural occupations. 

Strip mining also creates instability because farmers who lease or 
sell their land for strip mining usually move to new locations. They 
are sometimes replaced by persons who are engaged in mining. Farm- 
steads in the coal mining area have been reduced in number in recent 
years with a significant number having been torn down or abandoned. 
Furthermore, very few new farmsteads have been constructed since 
the land was strip mined. From the farms on which the dwellings 
were torn down or abandoned, residents generally moved to better 
farms elsewhere, or to urban areas. 

Farms operated in the ‘‘coal mining area’’ are smaller than those 
in the ‘‘farming area’’ of Hopkins County. Of 1,943 farmers inter- 
viewed, in a survey conducted by John Gray, County Agricultural 
Agent, it was found that the average sized farm in the ‘‘coal mining 
area’’ was 92 acres as compared to 135 acres in the ‘‘farming 
area’’ (8). 

In addition to farms, which are about 40% smaller, most of the 
fields are also smaller in size. Some farmers operate several tracts of 
land in order to get sufficient acreages for farming. Cropland is 
commonly rented from neighbors who are engaged in coal mining. 

Farm operators in the ‘‘coal mining area’’ are predominantly 
part-time farmers (Table I). Almost two-thirds of those interviewed 
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Fig. 1. Location Map of Hopkins and Adjacent Counties. Dots denote lo- 
cations of strip mines. 
worked off their farm during the last year. Forty percent had regular 

full-time jobs and farmed after completing work in the non-agri- 
cultural occupations. The strip mines provide employment to many 
part-time farmers as truck drivers, shovel operators, mechanics, elec- 
tricians, and ground men. Most of the off-farm employment is from 
the coal mines since Hopkins County has few other industries. 

Mr. Gray also found that more of the farmers in the ‘‘coal mining 
-area’’ are younger than in the ‘‘farming area’’ (Table II). In the 
“coal mining area’’ 50 % of those interviewed by Mr. Gray were 
less than 55 years old, but in the ‘‘farming area’’ only 41% were in 
this group. One problem is the extremely small percentages (3 and 
5 respectively) in the coal mining and farming areas of persons less 
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TABLE I. PERCENTAGE OF FARMERS ENGAGED IN OFF-FARM WORK IN 1954 IN THE 
Two AREAS STUDIED 


Typr or AREA 
Farming Coal Mining County 
Days of off-farm work Area Area Total 
Number Number | Number 
85 % 58 % 143 q 
Total 
INoxoti-farmuworks sone ene: 60 39 50 
Some off-farm work........... 38 65 48 
Regular full-time job....... 26 40 3l 
100 days or more but not 

fUlI=tiMe eae eee 5 10 | 7 
Less than 100 days......... 7 15 | 10 
INowmformationee serine ae cae 2 2; 2 


than 35 years old who operate farms. This is in striking contrast to 
Kentucky as a whole, where more than two-thirds (69%) of the 
farmers are less than 55 years of age. 


TABLE II. PERCENTAGE OF FARMERS OF DIFFERENT AGES IN THE Two AREAS 


Type or AREA 


Farming Area | Coal Mining Area| County Total 
Age = 
ri Number Number Number 
85 Y 58 Oe 143 q 
Total 

Whinclke BN. co cocics 4es'ao 5 3 4 
Ce catoeresewaie Wig al a a 14 16 155 

A ty ANN deel ete alas eee ante TP 31 26 
OOLOTIOU er Ae eee 59 50 | 5D 


Land-Use Changes. Since strip mining began on a commercial scale, 
8,726 acres of land in Hopkins County have been strip mined 
and 1,745 additional acres have been covered with spoil. The results 
of a 1947 survey, conducted by the United States Forest Service, 
measured the total area stripped in Hopkins County at that time to 
be 3,773 acres (9). Since 1947, 4,953 more acres have been strip 
mined. 
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Although the acres of land overturned in strip mining, in addition 
to the land upon which overburden has been placed, are measurable, 


TABLE III. AcrEAGE Strip MINED IN HopKINS CouNTY 


Acres 

Year Stripped 
11GB RS eee RL ko ts nl GI Ge dl CO OF ee ee ee 613 
DOA Tees) aaa ae ad rhe ERR Cian AU ce ath WARY 2 §24 
OE Oe arte er cen ig eae epee Saker, Somes eocray Etre Rm Dae So 703 

TIL YS5T ke aes 2 etd cone «a > ane eee ean nT pear OA ae 646 
OD 2st eer ees ek SLA ele A PIR Bek ch ae 514 
CSE: ee ei = cr ve Minka ee ne: Oe EE ee ee ee 455 

TG as Cen a ie oe a peal ara a a coe AR aE (les 
IOS Le ag AGPaR ea A grav aes Me A nee Ene Te BAG OUR CO ees By Se 686** 
ST COMO ie tr pe er tee ae nn een eee, Re eer 4953, 


No figures available from January to July, 1954. 
*Acreage estimated by coal companies from July 1, 1954 to July 1, 1955. 
**A creage estimated by coal companies from July 1, 1955 to July 1, 1956. 


it is more difficult to evaluate the land-use changes in agriculture 
due to strip mining of coal. In general, the community life of the 
people living in the area of strip mining changes from agricultural 
to industrial in character. Undoubtedly, other acres of land, in addi- 
tion to those 8,726 strip mined and 1,745 covered with spoil, have 
been taken out of cultivation and are abandoned to scrubby growths 
of weeds, sumac, briars, and persimmon bushes because of strip 
mining. The land-use changes from agricultural to mining; farming 
is replaced by mining as the main occupation of the area, and some 
neglect of agriculturally productive land results. About 75% of all 
strip mining in Hopkins County occurred in areas where the land was 
not in agricultural crops. Most of the land which has been strip 
mined has provided more income from the recovered coal that it would 
have produced from forestry or pasture for several decades. For 
example, at twelves cents a ton, the value of each acre-foot of coal 
to the land owner is equal to $192. Thus, a four-foot coal seam one 
acre in extent at twelve cents a ton has a value to the land owner of 
$768. This is more than ten times the agricultural value of the land 
for pasture or forestry. 

To Hopkins County land owners whose lands are not highly pro- 
ductive for agricultural crops, the immediate value of the coal obvi- 
ously exceeds the agricultural value of the land. Nevertheless, the 
lasting values of the productive land and of potentially productive 
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land are the items that should be weighed against the immediate 
worth of the coal in deciding upon the wisest land use over a long 
period of time. 

Strip mining has caused an increasing acreage in forestry and 
pasture. Since 1954, when legislation was passed requiring the 
grading and revegetation of all strip mined areas, thousands of trees 
have been planted in Hopkins County. In the future, lumber may 
be available since marketable hardwoods are being planted in addition 
to the softwoods. Still, most of the land mined before the Reclama- 
tion Act was passed in Hopkins County is inadequately vegetated. 
About one-third of the strip mined land has been seeded naturally to 
trees. Much of this consists of potentially merchantable trees in the 
far distant future. 

Pasture is the highest form of agriculture generally recommended 
for Hopkins County spoil banks. Properly seeded with grasses and 
legumes, some strip-mined lands can become good pasture. The many 
ponds and lakes created by mining afford a year-round supply of 
water suitable for livestock, an asset in any pasture. 

Of all the aforementioned land use changes resulting from strip 
mining, the most encouraging one is the reclamation of land by 
grading and revegetating the spoil banks. By proper reclamation 
methods, many of the detrimental effects on the agricultural land use 
in Hopkins County resulting from strip coal mining can be mini- 
mized. Organized agricultural experimentation, and especially the 
study of the soil reaction as a factor in crop production, is being 
done more and more in strip-mine reclamation. But more research is 
necessary. 

In 1954, under the strip mine law, grading of spoil banks began. 
Under the Strip Mining and Reclamation Act, spoil banks are graded 
to a gently rolling topography. Several coal operators are beginning 
to take pride in the reclamation accomplished. In the future, farmers 
and coal companies will, no doubt, be able to grow successful crops 
with the special treatment of spoil banks. When this occurs, it is 
usually wise use of the land to mine the coal, and reclaim the land 
for crop production. Thus, the statement that ‘‘the land must be 
overturned to mine the coal, in which case the land cannot raise crops, 
or the coal must lie unused in order that farm land may be tilled”’ 
will no longer be true for the future. 

Future Utilization of Land. The future utilization of the strip-mined 
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land in Hopkins County depends primarily upon the depth of strip 
mining and the character of the subsoil. When only a few feet of 
overburden are overturned the surface may not be left in an extremely 
rough condition. The vertical distance from the bottom of hollows to 
ridge tops may be only a few feet and this difference is lessened by 
grading and later by the forces of weathering and erosion. Vegeta- 
tion can gain a foothold under these circumstances with relative 
rapidity and future use for forestry and even pasture holds great 
promise if the surface is not acid or stony. But as the depth of mining 
increases, the practical costs of reclamation increases. The future 
land use also depends on the character of the geological formations 
overlying the coal. Because these formations are fairly uniform, the 
possible future use of these lands can be generally indicated by 
analyzing the coal seam strip mined in any area. But in the disposal 
of the overburden all soil stratifications are often indiscriminately 
mixed. Yet the stratum immediately over the coal tends to be left 
on the surface and previous surface materials tend to be at the bot- 
tom. As a consequence, spoil banks with a top layer of slate and non- 
calcareous shale necessitate more expensive reclamation, while spoil 
banks with a top layer of mixed limestone, calcareous marl and clay 
contain the raw materials which encourage the soil-building process. 

The future holds three main land uses for the strip coal banks 
of Hopkins County: (1) forestry, (2) pasture, and (3) recreation 
and wild life. Most of the strip-mined lands in Hopkins County are 
suited for forestry. Consequently, the most common practice is to 
plant trees on the spoil banks. In compliance with the Strip Mining 
and Reclamation Act, thousands of trees have been planted on the 
spoil banks of Hopkins County. Seedlings 8 inches to 10 inches high 
are purchased from state nurseries and are planted by coal companies 
under the supervision of the Strip Mining and Reclamation Com- 
mission. 

Experience has shown that black locusts have the highest rate of 
survival, but attempts to produce merchantable timber from locusts 
have not been successful. This has been due largely to the devastating 
work done by the borer. On the other hand, the growth of locust 
trees to date has been a first step toward fitting acid spoils banks for 
a more valuable crop to follow (10). Species that can be planted 
successfully include pines, cotton-wood, poplar, and sycamore. The 
general practice is to intersperse several varieties within an area. 
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Natural seeding of the spoil banks will continue to be unsatis- 
factory in anything less than fifty to one hundred years. All species 
produced by natural seeding tend to be widely scattered and of lower — 
quality (11). Coal Age, an industry trade magazine, estimates that 
forested strip-mined lands will normally yield an annual return of 
at least $10.00 per acre(12). In addition to the production of wood, 
forests also help control erosion, improve soil, conserve water, and 
provide recreational facilities. 

Caleareous spoil banks in Hopkins County can also be successfully 
reclaimed for pasturage. These lands will probably become more 
valuable if used as pasture (13). Seeded with grass, sweet clover, 
lespedeza, or a mixture of grasses and legumes, the land can become 
good grazing land (14). There is no twenty to fifty-year wait for 
a crop as is the case of forestry. Some lmitations of seeding large 
areas of Hopkins County’s spoil banks in pasture are: (1) the spoil 
banks frequently contain large rocks and boulders so that pasture im- 
provement and maintenance are impractical; (2) the pasturing 
capacity fluctuates widely with changing weather conditions; and 
(3) large areas within an otherwise calcareous plot are acid or toxic 
which prevents the uniform establishment of grasses and legumes. 

The reclamation of spoil banks for forestry and pasturage do not 
exhaust the possibilities. A program for developing strip-mined 
lands into recreational areas has some promising possibilities of sue- 
cess and would provide many benefits to the residents of Hopkins 
County. Lakes formed among the spoil banks serve as vacation spots 
with excellent fishing and hunting. In planning the land use of strip- 
mined lands, one primary consideration should be the creation of im- 
pounded water for picnicking, bathing, and fishing (15). 

In many areas of Hopkins County, wild life and recreation can 
be associated with reforestation which accomplishes the threefold 
purpose of: (1) rebuilding a topsoil; (2) acting as a nurse crop for 
future crop production; and (3) supplying the ground cover and 
food necessary for wild life. Certain reclamation developments in 
Hopkins County to date have demonstrated that wild animals thrive 
well within a spoil-bank habitat when a vegetative cover of trees have 
developed to afford food and shelter. 


THE OUTLOOK 


With general favorable national trends currently for the coal 
mining industry, a relatively prosperous outlook exists for the West- 
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ern Kentucky Coal Fields as a whole. Economists generally predict 
that coal production in Western Kentucky will rise from 40 percent 
to 50 percent by 1960. The Western Kentucky Coal Fields produce 
a low-cost fuel which is well suited for use by electric utilities opera- 
tions. Utilities, several of which are located in Western Kentucky, 
are certain to need several million more tons of coal by 1960. The 
general needs for electrical energy in Kentucky will probably double 
by 1960, thereby, causing all types of coal mining to be generally 
prosperous in Western Kentucky. 

In addition to an increased market by electric utilities, atomic 
power plants are beiginning to consume larger quantities of coal. 
Power plants at Paducah, Kentucky and Madison, Indiana have been 
constructed. They will probably be heavy consumers of coal from 
Hopkins County mines for the next few decades. Nevertheless, today 
most coal mines in Western Kentucky are still operating considerably 
below their productive capacity. 

In spite of the apparent better days ahead for coal production in 
the Western Kentucky Coal Fields, strip mining in Hopkins County 
will probably continue to decline. A principal factor in this pre- 
dicted decline is the lower transportation costs in the Western Ken- 
tucky counties entirely within the navigable portion of the watershed 
of Green River. Green River is being dredged for 103 miles from 
the mouth of the stream. The dredging, which will inelude both 
channel and shore work, is nearly completed. Lower transportation 
costs resulting from these developments will enable coal mines located 
along Green River or navigable tributaries to market coal considerably 
cheaper than the rail and truck mines of Hopkins County. 

Improvements on Green River will proably attract industries which 
use coal as their source of power. They will probably be built in the 
Green River watershed. To supply the necessary fuel, coal mining 
facilities capable of producing millions of tons of coal more annually 
are planned along Green River. 

These factors, together with the depletion of the best shallow coal 
reserves in Hopkins County, lead one to conclude that Hopkins County 
strip mining will become less important than it is today. This declining 
trend is fully substantiated by the estimated time strip mining com- 
pany officials of Hopkins County stated that remained for them to 
strip mine coal. Of all the strip coal mines in Hopkins County, three 
companies stated they had a twelve year reserve, one stated a 10 year 
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reserve, three stated 8 years, one stated 6 years and all others stated 
that they would be ‘‘stripped out’’ in less than five years. Thus, by 
1960 when the demand for thermal electric power will be doubled, the 
number of strip mining companies in Hopkins County will be reduced 
50 percent. Most companies are buying, or have purchased coal land 
or leases in Ohio, Henderson or Muhlenberg Counties. About one-half 
of the strip mining companies plan to move out of Hopkins County 
by 1960. 

Hopkins County residents do not have to live in fear of a sudden 
shutdown of strip mining operations. Rather, it will be gradual re- 
duction spread over the next twelve years. With a gradual closing 
of strip mines, the residents of Hopkins County can prevent a severe 
economic blow by wisely reclaiming the spoil banks. Forests, grazing 
areas, and recreational facilities can give residents of Hopkins County 
employment and will also attract visitors, tourists, and sportsmen to 
the county. 

Research investigations on the development and uses of strip- 
mined land are only in the formative stage in Kentucky. Much in- 
tensive study is needed to develop a definite reclamation program of 
Hopkins County’s spoil banks. Testing the possibilities of developing 
stands of grasses and legumes on more strip mined land is needed. 
But the utilization of strip-mined tracts is a complex problem caused 
by a wide variety of conditions. This variable pattern is dependent 
upon. the extent of stripping, the location, quality, and topography of 
the unmined land, and whether or not the spoil banks seriously isolate 
unmined lands. In addition, the composition, texture, and acidity 
of the material on or near the surface of the spoil banks determines 
the rapidity with which a new vegetative cover develops and starts 
the formation of a topsoil (16). 

Some form of general county plan is also needed to augment the 
State’s reclamation program for strip mined land which is not suited 
to pasture, forests, or recreation. All state programs probably need 
to be supplemented by local citizens. But all programs can be carried 
out successfully only after an awareness of the problems have been 
developed by the general public. 
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An Annotated List of the State Floras 


CHARLES R. GUNN 
Ross Seed Company, Louisville, Ky. 


Aarnovan the state floras are our most valuable systematic books, 
there is no list of state floras in print. The only complete list from 
the earliest date of publication to about 1940 (Blake and Atwood, 
1941) has been out of print for several years. This bibliography did 
not include the 18 state floras printed during and after 1940. A guide 
to the local and regional floras as well as to popular floras (Blake, 
1954) includes only two state floras. 

In the present paper the most recent flora for each state has been 
listed with annotations. No flora prior to 1880 is listed. Prices are 
listed except in those cases where the book or pamphlet in question is 
out of print. 


ALABAMA 
Mone, C. T. 1901. Plant life of Alabama. Contr. U. S. Nat. Herb. 
6: 1-921. 


An annotated list of ferns and seed-bearing plants, with 13 plates. 


ARIZONA 
Kearney, T. H. anp R. H. PEEBLES. 1951. Arizona flora. Berkeley: 
Univ. California Press. 1,032 pp. $7.50. 
An annotated, keyed list of 3,370 taxa with 45 plates. 


ARKANSAS 

BRANNER, J. C. and EF. V. Covinue. 1888. A list of the plants of 
Arkansas. Ann. Rep. Geol. Surv. Arkansas. 87 pp. 

Partly annotated list of 1,610 taxa. 

Bucuuo.z, J. T. anp E. J. PAnMErR. 1926. Supplement to the Cata- 
logue of Arkansas Plants. Trans. Acad. Sci. St. Lowis. 25: 1-64. 
This includes 7 plates. 

CALIFORNIA 


Jepson, W. L. 1925. A manual of the flowering plants of California. 
Berkeley: Univ. California Press. 1,238 pp. $5.20. 


This was reproduced by offset in 1951. It includes an annotated, keyed list 
of 4,019 taxa with 1,023 illustrations. 
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Drs. P. A. Munz and D. Keck are writing a new flora which shall be available 
in two or three years. 


COLORADO 


Harrineton, H. D. 1954. Manual of the plants of Colorado. Den- 
ver: Sage Books. 666 pp. $8.00. 
An annotated, keyed list of 2,794 taxa. 
CoNNECTICUT 
Graves, C. B. Et al. 1910. Catalogue of the flowering plants and 
ferns of Connecticut growing without cultivation. Bull. Connectt- 
cut Geol. & Nat. Hist. Surv. 14: 1-569. 


An interesting annotated list of 2,228 taxa. 


Harcer, E. B. Ht al. 1930. Additions to the flora of Connecticut. 
Bull. State Geol. & Nat. Hist. Surv. 48: 1-94. 


An annotated list of 371 taxa. 


DELAWARE 


TaTNALL, R. R. 1946. Flora of Delaware and the Eastern Shore. 
Wilmington: Greenwood Bookshop. 313 pp. $3.50. 


An annotated list of 2,259 taxa growing within the penninsula of Delaware, 
Maryland and Virginia. Includes 9 plates. 


FLORIDA 
No published general flora. 


GEORGIA 
The most recently published general flora, 1849. 


IDAHO 
Davis, J.G. Htal. 1952. Flora of Idaho. Dubuque: W. C. Brown 
Co. 828 pp. $ 7.50. 
Annotated, keyed list of more than 2,500 taxa. 
| ILLINOIS 
Jones, G.N. Et al. 1955. Flora of Illinois. Urbana: Univ. Illinois 
Press. 593 pp. $10.00. 


An annotated, keyed list of 2,300 taxa with 1,300 location maps. 
INDIANA 
Dream, C. C. 1940. Flora of Indiana. Indianapolis: Burford Print- 
ing Co. 1,236 pp. 
An annotated, keyed list of 1,600 taxa with 1,600 location maps. 
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Iowa 
Conarp, H. 8. 1952. Plants of Iowa. Ames: ISC Book Store. 94 
pp. $.90. 


Keys for the more common plants with a list of the less common species. 
Technically it is not a state flora. 


KANSAS 


Gates, F. C. 1940. Annotated list of plants of Kansas: Ferns and 
flowering plants. Topeka: Kansas State Printing Plant. 266 pp. 


An annotated list of 2,063 taxa with names based on the American System 
of plant nomenclature. Includes 1,853 location maps. 


IKENTUCKY 
McFaruanp, F. T. 1942. <A catalogue of the vascular plants of 
Kentucky. Castanea 7(6-7) : 77-108. $.50. 
This is a list of 1,702 taxa. 
Braun, BE. L. 19438. An annotated catalog of spermatophytes of 
Kentucky. Cincinnati: Miss E. L. Braun, Rte. 18, Box 41C. 161 
pp. $1.65. 


Dr. Mary Wharton of Georgetown College, Georgetown, Ky. is preparing a 
key to all of the known Kentucky plants. 


LOUISIANA 
The most recently published general flora, 1852. 


MAINE 


Oepen, E. C., F. H. Sternmetz anp F. Hynanp. 1948. Check-list of 
the vascular plants of Maine. Bull. Joss. Bot. Soc. 8: 1-70. Orono: 
Univ. Maine. $.25. 


2,572 taxa listed with county notations. 


MARYLAND 


Norton, J. B. S. anp R. G. Brown. 1946. A catalog of the vascular 
plants of Maryland. Castanea 11: 1-50. $.50. 


A list of 2,416 taxa. 


MASSACHUSETTS 
The most recently published general flora, 1835. 
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MIcHIGAN 
Gurason, H. A. 1939. The plants of Michigan. Ann Arbor: Wahr’s 
Bookstore. 204 pp. $2.00. 


Keys to approximately 2,000 taxa. 


MINNESOTA 
Moorr, J. W. AnD R. M. Tryon, Jr. 1946. A preliminary checklist 
of the flowering plants, ferns and fern allies of Minnesota. Min- 
neapolis: Univ. Minnesota Press. 99 pp. $1.25. 


A non-annotated list. 


MIsSISsIPPI 
Lows, E. N. 1921. Plants of Mississippi. Bull. Mississippi State 
Geol. Surv. 17: 1-292. 


An annotated list. 


MISSOURI 
PauMeErR, EK. J. Aanp J. A. STEYERMARK. 1935. An annotated cata- 
logue of the flowering plants of Missouri. Ann. Missouri Bot. 
Gard. 22: 1-383. $3.00. 
An annotated list of of 2,281 taxa. In 1938 additions and corrections to the 
flora was issued in vol. 25 of the Annals. 
MontTaAaNA 


Bootu, W. E. 1950. Flora of Montana (Part 1, Conifers and mono- 
cots). Bozeman: Montana State College, Research Foundation. 
232 pp. $2.50. 


An annotated, illustrated, keyed list only partially completed. 


NEBRASKA 


Winter, J. M. 1936. An analysis of the flowering plants of Ne- 
braska. Bull. Bot. Surv. Nebraska 10: 1-203. 


An annotated, keyed list following the Besseyan System of Nomenclature. 


NEVADA 
TiwestrRom, I. 1925. Flora of Utah and Nevada. Contr. U. S. Nat. 
dherb.25': 1-655. 
An annotated, keyed list of 3,700 taxa. 
New HAMPSHIRE 
The most recently published general flora, 1874. 
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NEw JERSEY 


Brirton, N. L. 1890. Catalogue of the plants found in New Jersey. 
Final Rep. Geol. Surv. New Jersey 2: 1-435. 


An annotated list. 


New Mexico 


TipestroM, I. AND T. Kirrenu. 1941. A flora of Arizona and New 
Mexico. Washington: Catholic Univ. Press. 897 pp. 


An annotated keyed list. 

Drs. Castetter and Dittmer of the University of New Mexico are preparing 

a semi-popular, illustrated flora which will be published in about two years. 
NEw YorkK 


Housst, H. D. 1924. Annotated list of the ferns and flowering 
plants of New York. Bull. New York State Mus. 254: 1-754. 


An annotated list of 2,876 taxa. 


NorTH CAROLINA 
No published general flora. 


NortH DAKOTA 


STEVENS, O. A. 1950. Handbook of North Dakota plants. Fargo: 
North Dakota Inst. Reg. Studies. 324 pp. $4.50. 


An annotated, keyed list of 1,143 taxa; 308 illustrations. 


OHIO 


ScHAFFNER, J. H. 1932. Revised catalog of Ohio vascular plants. 
Bull. Ohio Biol. Surv. 25: 1-126. $1.00. 


An annotated list of 2,309 taxa. 


OKLAHOMA 


WaterFALL, U. T. 1952. A catalogue of the flora of Oklahoma. 
Stillwater: Oklahoma A. & M., Research Foundation. 91 pp. 
$1.00. 


A list of 2,542 taxa. 


OREGON 


Peck, M. BE. 1941. A manual of the higher plants of Oregon. Port- 
land: Binfords and Mort. 866 pp. $5.00. 


An annotated, keyed list of 3,203 taxa. 
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PENNSYLVANIA 
Portser, T. C. 1903. Flora of Pennsylvama. Boston. 362 pp. 
An annotated, keyed list of 2,201 taxa. 
Dr. J. M. Fogg, Jr. of the University of Pennsylvania is preparing a new 
flora which will be available in about one year. 
RHopE ISLAND 
PauMATiIER, KE. A. 1952. Flora of Rhode Island. Kingston: Univ. 
of Rhode island. 75 pp. Free. 
A list of 1796 taxa. 
SoutH CAROLINA 


No published general flora. 


SoutH DaKxota 
Over, W. H. 1932. Flora of South Dakota. Vermillion: Univ. South 
Dakota, Museum. 161 pp. $.50. 


An annotated list with 74 photographs. 


TENNESSEE 
Gattincger, A. 1901. The flora of Tennessee and a philosophy of 
botany. Nashville. 296 pp. 
An illustrated, annotated list of 2,218 taxa. 
Dr. Sharp of the University of Tennessee is preparing a flora which will 
be available in about 4 years. 
TEXAS 
Cory, V. L. anp H. B. Parks. 1927. Catalogue of the flora of Texas. 
Bull. Texas Agri. Exp. Sta. 550: 1-130. Free. 
An annotated list of 5,099 taxa. 
UraH 
TipestromM, I. 1925. Flora of Utah and Nevada. Contr. U. 8. Nat. 
Herb. 25: 1-655. 
An annotated, keyed list of 3,700 taxa; 15 plates. 
VERMONT 


Dove, E. J. 1937. The flora of Vermont. Burlington: E. J. Doyle, 
433 S. Prospect. 3853 pp. $1.25. 


An annotated list of 2,269 taxa. 


VIRGINIA 
No published general flora. 
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WASHINGTON 


Piper, C. V. 1906. Flora of the state of Washington. Contr. U.S. 
Nat. Herb. 11: 1-632. 


An annotated, keyed list with 22 plates. 


West VIRGINIA 
STRAUSBAUGH, P. D. ano E. L. Corr. 1952. Flora of West Vir- 
gima (Parts Tand IIT). Morgtantown: Univ. West Virginia. $1.00 
per part. 


An illustrated, keyed list of eventually 2,000 taxa. 


WISCONSIN 


Swezey, G. D. 1873-1879. Catalogue of the phaenogramous and 
vascular cryptogramous plants of Wisconsin. (Geol. and Nat. 
Hist. Surv. Wisconsin. 20 pp. 


This is simply a list of plants. 
A partial preliminary flora has been issued serially in the Trans. Wisconsin 
Acad. Sci., Arts, Lett. 


WYOMING 


Netson, A. First report of the flora of Wyoming. Wyoming Exp. 
Sta. 28: 1-173. 


An annotated list of 1,296 taxa. 
Dr. C. L. Porter, Curator of the Rocky Mountain Herbarium, University of 
Wyoming, is preparing a state flora, and he and others are issuing the flora 
serially to other herbariums only. 


LITERATURE CITED 
Buake, 8. F. 1954. Guide to popular floras. Biblio. Bull. U.S.D.A. 23: 
1-56. $.25. 
AND A. C. Atwoop. 1942. Geographical guide to the floras of the 
world (Part I). Misc. Bull. U.S.D.A. 401. 


Accepted for publication 18 April 1956. 


News and Notes 


1956 SPRING MEETING 


The 1956 Spring Meeting of the Kentucky Academy of Science was held 
at Kentucky Dam Village State Park May 4 and 5. The program follows: 


Fripay, May 4 
Afternoon and Evening 
Registration, at Kentucky Dam Village 
Program, at the Theater: 
The Wildlife Refuge Projects, by Mr. Childs, Manager of Duck River Wildlife 
Refuge, Waverly, Tennessee 
The Kentucky Woodlands Wildlife Refuge, by Mr. Eugene Cypert, of the U.S. 
Fish and Wildlife Service 
Dinner 
Program 
Atomic Energy, by Dr. M. D. Peterson, Professor of Chemistry, Vanderbilt 
University 
Chemicai Industries in the Calvert City Area, by Dr. W. HE. Blackburn, 
Head, Department of Physical Sciences, Murray State College 
Social Hour 


SATURDAY, May 5 
Breakfast 
Program, at the Theater: Geology of Western Kentucky, by Dr. W. R. Jillson, 
former State Geologist of Kentueky 
Field Trips (morning) to Industrial Plants, or to Kentucky Woodlands Wildlife 
Refuge 
Luneh 
Field Trips (afternoon) to Industrial Plants, or to Kentucky Woodlands Wildlife 
Refuge 
Supper 
A fish fry was served on the lake shore, followed by films and talk by Mr. 
Bernard Carter of the Kentucky Department of Fish and Wildlife Re- 
sources. 


ENDOWED CHAIR OF CONSERVATION 


The University of Louisville has announced the creation of an endowed 
professorship of conservation, made possible by a gift of $235,000 from 
anonymous donors. This chair in the Biology Department will be named 
in honor of Tom Wallace, editor emeritus of The Louisville Times and a 
national figure in the conservation movement of this country. 

A substrate favorable for nurturing a conservation program already exists 
in this department, where courses and research in several aspects of field 
biology have received increasing emphasis in recent years. 

Mr. Wallace has served as president of the Izaak Walton League, as a 
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member of the advisory board of the National Parks Service and as chair- 
man of the National Conference on State Parks. He founded the Ohio 
Valley Regional Conference on State Parks and is an honorary member of - 
the Society of American Foresters and the American Society of Landscape 
Architects. Through editorials and columns in The Lowisville Times over 
several decades he has made a national reputation as a foe of resource 
plunderers. 
An appointment to this new position will be made in the near future. 


INSTRUCTIONS FOR CONTRIBUTORS 


The TRANSACTIONS OF THE KENTUCKY ACADEMY OF SCIENCE is a medium of 
publication for original investigations in science. Also as the official organ of the 
Kentucky Academy of Science, news and announcements of interest to the mem- 
bership are published therein. These include programs of meetings, titles, abstracts 
of papers presented at meetings, and condensations of reports by the Academy’s 
officers and committees. 

Papers may be submitted at any time to the editor or one of the associate 
editors. Each manuscript will be reviewed by one or more persons qualified in the 
field in addition to the editors before it is accepted for publication, and an attempt 
will be made to publish papers in the order of their acceptance. Papers are ac- 
cepted for publication with the understanding that they are not to be submitted 
for original publication elsewhere, and that any additional printing shall be at a 
later date and shall be designated in an appropriate credit line as a reprint from 
the TRANSACTIONS OF THE KENTUCKY ACADEMY OF SCIENCE. 

Manuscripts should be typed, double-spaced, with wide margins, on paper of 
good stock. The original and one carbon copy should be submitted, and the author 
should retain one additional carbon copy. It is desirable that the author have his 
colleagues read the manuscript for clarity of expression and typographical or other 
errors. 

Titles must be clear and concise, and provide for precise cataloging. Textual 
material should be in clear, brief, condensed form. Footnotes should be avoided. 
Tables and illustrations are expensive and should be included only to give effective 
presentation of the data. Articles with an excessive number of tables or illustra- 
tions, or with poorly executed tables or illustrations, may be returned to the author 
for modification. 

Line drawings will appear as teat-figures, while half-tones or other processes 
requiring paper inserts will appear as plates. Text-figures should be jet-black on 
white; shading may be indicated by stippling or lines but not by half-tone washes. 
Drafting should be carefully done (hand lettering generally is not satisfactory). 
Photographs for plates should have good contrast and be printed on glossy paper. 
Plates and text-figures are to be numbered consecutively and independently; on the 
back of each its number and the author’s name should be written lightly in pencil. 
Each plate and text-figure must be referred to specifically in the text and must 
be provided also with a legend, the latter to be supplied as typed copy separate 
from the figures. Figures should be arranged into groups whenever possible and 
the legend for each group written as a separate paragraph. The amount of reduc- 
tion desired should be indicated and should be consistent with the page dimensions of 
this journal. Indications of magnification should apply to the reduced figure. 

The aim of the paper should be made clear in the introductory portion. If the 
paper is of more than a few pages it should contain a brief ‘‘Summary,’’ which 
should be lucid without recourse to the rest of the article. In the interest of biblio- 
graphic uniformity, arrange all references under a ‘‘Literature Cited’’ heading, 
in either of two sequences: (a) alphabetically by author and date, unnumbered, with 
textual citation by parenthetic insertion of author and date, as (Jones, 1940), or (b) 
numbered in the sequence in which textual citation by numbers is made, as (1), 
(2), ete. Use initials for given names. Titles of books must be included, but 
shose of articles in a serial may be omitted at the author’s discretion. Abbreviate 
names of journals, using the form employed by Chemical Abstracts or Biological 
Abstracts. Separate the volume number from page numbers by a colon. References 
to books should include also the place of publication and the publisher. 

The author is responsible for correcting the galley proof. Extensive alterations 
from the original are expensive and must be avoided or paid for by the author. 
Galley proofs must be returned promptly. Blanks for reprint orders will be sup- 
plied with the galley proof. 
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A Study of the Conductances of Some Uni- 
Univalent Electrolytes in N, N-Dimethylpropion- 
amide at 25° C.* 


EUGENE D. WILHOIT AND PAUL G, SEARS 


Department oj’ Chemistry, University of Kentucky 
Lexington, Ky. 


ee conductimetrie studies (1-5) which have been reported 
from this Laboratory indicate that both N,N-dimethylformamide 
(DMF) and N,N-dimethylacetamide (DMA) are potentially very 
useful electrolytic solvents. Many inorganic salts are not only appre- 
ciably soluble but also completely dissociated in these amides. From 
a theoretical viewpoint, an interesting phenomenon has been observed 
in that the limiting equivalent conductances of sodium salts are greater 
than those of corresponding potassium salts in DMA solutions. Al- 
though DMF and DMA are adjacent members in a homologous series, 
the reversed or normal limiting equivalent conductance behavior has 
been observed for solutions of potassium and sodium salts in DMF. 
These contrasting results for very similar solvents served as a stimulus 
to extend the conductimetric studies to include N,N-dimethylpro- 
pionamide (DMP), which is the third member of the homologous 
series, as a solvent. DMP is characterized by a very broad, convenient 
liquid range of 218° extending from —43° to 175°C. (6) and has 
other favorable physical properties in that it has a dielectric constant 
of 33.1 and a viscosity of 0.00935 poise at 25°C. This study represents 
the initial use of DMP as an electrolytic solvent. 


EXPERIMENTAL 
1. Preparation and Purification of Solvent—DMP was synthesized from 
propionic acid and gaseous dimethylamine. After the acid was saturated 
with the amine, the solution was heated to simultaneously crack out and distil 
off water. The resulting binary maximum-boiling azeotrope of propionic acid 


* Based on research supported in part by a Frederick Gardner Cottrell grant from 
Research Corporation. 
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and DMP was treated with solid potassium hydroxide until a separation of 
phases occurred. During this operation precautions were taken to prevent 
the reaction flask from becoming hot. The DMP layer was separated and 
then fractionally distilled two or more times through an efficient column at 
a reduced pressure. Each middle fraction of DMP which was retained had 
a density and a refractive index which checked closely with corresponding 
data in the literature (6). The conductivity of the DMP thus obtained was 
im theyrange, of 0:8-2:0) x) 10m ohms) cmp s: 

2. Purification of Salts—Reagent grade ammonium salts were recrystal- 
lized two or more times from water-ethanol solutions. The preparation 
and /or purification of the other salts have been described in previous papers 
(1, 2). The length and the temperature of the drying in vacuo of each salt 
depended upon the nature of the salt. 

3. Procedure and Apparatus.—The dielectric constant of each retained 
fraction of DMP was measured at ten megacycles using the equipment and 
the procedure which have been described by Leader (7). 

The viscosity of each of several fractions of DMP was determined using 
size-50 routine Cannon-Fenske viscometers which were calibrated using 
water as the standard liquid. The viscosity of water at 25°C. was taken 
as 0.008902 poise (8 9). Kinetic energy corrections were assumed to be 
negligible. 

The bridge, conductance cells, temperature bath and control, and the 
procedures involved in the preparation of solutions and the measurement 
of resistances have been deseribed previously (1, 2, 3). 

The following data for DMP at 25° were used in the calculations: density, 
0.9208 g./ml.; viscosity, 0.00935 poise; dielectric constant, 33.1. 


RESULTS AND Discussion 


Corresponding values of the equivalent conductance, A, and the 
concentration in gram-equivalents per liter, C, for each of the fourteen 
salts in DMP are presented in Table I. 

Plots of the equivalent conductance versus the square root of the 
concentration are linear for all salts in DMP for concentrations less 
than 0.001N. For greater concentrations, various types of behavior 
are observed necessitating different methods of treatment of the 
experimental data. 

The Onsager equation (10) for a uni-univalent electrolyte may be 
written in a generalized form as follows: 


[ 8.204>< 10° A 82.42 | te 
| (@T) "" (DT)12, | 


Substitution of the proper numerical values for the dielectric constant 
(D), the viscosity (7) and the absolute temperature into equation 


ele N= ee 


aa? IE 
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TABLE I. EQUIVALENT CONDUCTANCES OF SALTS IN DMP amt 25°C. 


C x 10! AN C x 10! A | C x 10! A 
(a) NaClo, (b) KCIO, (c) NH,CIO, 
0.3958 60.46 0.3881 59.98 0.8461 61.29 
etPZs 59.52 1.878 58.92 1.970 60.68 
5.108 58.23 4.826 57.83 8.486 58.69 
10.28 57.02 9.448 56.71 13'.52 57.74 
17.38 55.86 17.42 ES BY 20.59 56.71 
oreo 55.03 23.49 54.53 28 .06 55.81 
(d) NH,SCN (e) NaSCN (f) KSCN 
1.458 64.83 0.8788 64.12 0.9452 63.61 
4.465 63 .09 3.047 62.78 3.168 62.46 
9.091 61.26 7.472 61.10 6.985 61.30 
16.20 59.18 15.98 58.90 14.62 59.63 
24.47 Dicol 28.90 56.65 24.69 58.17 
32.49 55.81 36.16 55.58 32.87 5 (ais) 
(g) NaBr (h) NH,Br (i) NaNO; 
1.159 58.56 1.406 57.91 1.432 60.51 
3.918 56.92 4.165 53.91 oat 20 57.88 
7.833 55.24 7.987 50.16 9.801 Soale 
14.35 53.30 13.84 46.21 PAB a3} 47 .00 
24.10 51.03 20.30 43.05 33.62 43.64 
35.85 48 .96 Diets 40.45 39.68 42.11 
(j) NH,NO; (k) EtsNBr (1) Pr,zNBr 
1.082 62.14 0.6551 65.75 eal 59 .04 
3.893 58.70 hers 65.09 1.896 58.45 
7.612 55.50 ileal 62.88 6.644 56.18 
13.35 52.02 10.25 60.87 12.95 54.12 
20.44 48.81 16.44 59.06 19.15 52.59 
26.94 46.49 22.10 57.70 24.19 iM ay 
(m) KI (n) Nal 
0.6771 57.64 0.7842 58.21 
2.167 56.78 1.984 jie oe 
5.280 55.81 4.973 56.50 
10.63 54.55 10.02 538) 
Gees) GS 0 17.07 54.14 
19.61 53.16 22.74 53.38 


#1 gives the following simplified equation for dilute solutions of 
electrolytes in DMP at 25°C.: 


2 A=A,—;[0.8387A5-+88.7] VC | 


Table II contains data pertinent to the applicability of this theoretical 
equation in describing the conductance behavior of electrolytes in 
DMP. 
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TABLE II. TEST oF THE APPLICABILITY OF THE ONSAGER EQUATION TO THE CoN- 
DUCTANCES OF ELECTROLYTES IN DMP at 25°C. 


(Sz — Sr) 
Experimental Theoretical 10! 
Salt Slope (SE) Slope (Sr) Sr 
Nai @lO nea mien —136 —140 —3 
COI Oana AMERY aise ala —135 —140 —4 
INE C1 O geet ec Taye —134 —141 —5 
NaS CIN Gay AY oA ieMiee ae — 164 —143 15 
NECK ORIN a ees ie una te he —139 —143 —3 
INGET, S © IN Gea a — 204 —145 Al 
Na Ur eA ma a ib ot —131 —138 —5 
TET RABE ROO RAI yuan —129 —1388 —7 
NEW BS eM MOM ieee —194 —139 40 
IN Breea ca eena aie —450 —140 221 
IN SIN anor —375 —142 164 
INIEINO Sasae ee naecerase — 382 —143 167 
IAIN rater eae te reece —201 —145 39 
Br gNIB re dee aaa —193 —139 39 


Compared to the theoretical slope of equation #2, —[0.837A,+ 88.7], 
both numerically greater slopes (positive deviations) and numerically 
lesser slopes (negative deviations) are observed. For 6 salts, the ex- 
perimental and the theoretical slopes agree within 7%. For the other 
8 salts, observed deviations range from 15 to 221%. 

In each case where there is close agreement between the experi- 
mental and the theoretical conductance behavior, the Shedlovsky re- 
arrangement of the Onsager equation (11) was used to evaluate the 
limiting equivalent conductance, A,, directly from the individual 
values of A as shown in equation #3: 


, A+88.7VC 


3. je EG 
1—0.837 VC 


The calculated values, A’,, are plotted against the concentration, C, 
and the resulting plot is extrapolated to infinite dilution. The value 
of the ordinate at the point of intersection is taken as the actual 
limiting equivalent conductance, A,, and the slope B is evaluated by 
the conventional method. Table III contains values of the intercepts 
and the slopes which are based on plots of A’, versus C for 6 salts in 
DMP. 

The plots of A’, versus C for the salts in DMP exhibiting the more 
pronounced deviations from theoretical conductance behavior are 
curved and cannot be extrapolated accurately. Therefore, the Fuoss- 
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TaBLE IIT. DATA PERTINENT TO PLOTS OF EQUATION (3) FoR SOME ELECTROLYTES 
IN DMP av 25°C. 


Salt Ae B x 10? 
TEKS OY is Sea eg Gace nea eae eee 61.3 Ral 
TA CHO)\. .olelhte in clean ee eee eine 60.8 2.0 
ISTELACICO) Aaa bs Soe ae eee a 62.6 2.6 
IDL. 5 o's BARS OS oe mae eee 59.4 Dey 
TET. oa dotted eS eee 58.8 2ES 
IXSIGINT: CBise pe oe eS ee eee 65.0 idl 


Shedlovsky treatment (12) was used on the data for these salts. 
The fundamental equation which is involved may be written as 
follows: 
PeGoN A, 

KAS 
According to equation #4, if a plot of SA versus Cf?S?A? is linear, 
the value of the ordinate intercept may be taken as A,, and the slope 


is equivalent to — , when K is the dissociation constant. This 


method produces a linear plot for each of the eight salts in DMP 
which exhibit large deviations from the theoretical conductance 
behavior which is predicted by the Onsager equation. Data obtained 
from plots of equation #4 are summarized in Table IV. Dissociation 
constants which are large and which are based on conductance meas- 
urements, such as those in Table IV, may be subject to appreciable 
error and should be considered only qualitative in nature. 
Differences in the limiting equivalent conductances of salts having 
a common anion may be found in Table V. If the estimated maximum 


TABLE TV. DATA PERTINENT TO PLOTS OF EQUATION (4) FoR SOME ELECTROLYTES 
IN DMP av 25°C. 


Salt Ne Slope K x 102 
INGO Chae eae ee 65.5 —9.324 4.7 
IMEISOIN Sees sce ces es 66.8 —9.542 2.8 
INGU8T2s 3 Scere at CRBC ene 60.3 —0.700 P53) 
INTEU BES pat aaeeie no aes 61.4 —4.58 0.36 
INUINO Sie Eko! eos 6 eisieis 63.5 —2.80 0).50 
INFN Os cid ctye cect eee §4.6 —2.78 0.56 
LORAIN e2 Se ea 67.0 —0.606 Piel 
_ ES eee 60.7 —0.678 2.4 
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TaBLE V. DATA PERTINENT TO THE DIFFERENCES IN THE LIMITING EQUIVALENT 
CONDUCTANCES oF SALTS Havinc A CoMMON ANION IN DMP amt 25°C. 


(Nat — K+) (NH.t — Nat) (NH — K+) 
lig 0.6 Br teal SCN7 1.8 
SCN 0.5 SCN- ies ClO.n 1:8 
C10, 0.5 Clo, ie 

NO; etl 


uncertainty in any A, value is 0.1 unit, a difference based upon two 
A, values should have a possible inherent uncertainty of 0.2 unit. 
The data in Table V indicate that the maximum deviation from a 
mean difference in cationic conductances in no case exceeds 0.1 unit 
therein attributing to the general consistency of the results and con- 
firming the Kohlrausch law of independent ion migration for solutions 
of electrolytes in DMP. 

It is also very interesting to note from the data in Tables III, 
IV and V that the limiting equivalent conductances of sodium salts 
are greater in magnitude than those of corresponding potassium salts. 
Only for DMA solutions has this same phenomenon been reported 
previously (5). To have a greater limiting equivalent conductance, 
the sodium ion must have a smaller effective size or greater mobility 
than the potassium ion in solution. Apparently the relative increase 
in size due to the greater solvation of the sodium ion is insufficient 
to compensate for the difference in the sizes of the unsolvated sodium 
and potassium ions. Coates and Taylor (13) have reported a similar 
reversal for the lithium and sodium ions in hydrogen cyanide solu- 
tions. 

In previous research (14) it has been observed that the usual 
solvent correction (that is, subtracting the conductivity of the solvent 
from that of the solution) ‘‘over-corrects’’ solutions of ammonium 
salts in DMF, making an accurate analysis of conductance data virtu- 
ally impossible. In contrast, the application of the usual solvent 
correction to solutions of ammonium salts in DMP appears satisfactory 
inasmuch as normal plots of A versus VC are obtained. These results 
tend to suggest that the presence of the formyl group in DMF may 
introduce complications. No study of ammonium salts in DMA has 
been reported. 
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Although the viscosity of DMP is only about 2% greater than that 
of DMA at 25°C., a comparison reveals that corresponding conduc- 
tances are 12-14% lower in DMP than in DMA. These results pro- 
vide evidence that the solvodynamic units have greater effective sizes 
in DMP. With respect to solvation through ion-dipole attraction, 
selective orientation of large dipolar solvent molecules combined with 
proper steric factors may result in the effective sizes and mobilities 
of ions in solution being a function of the molecular weight of the 
solvent. 

SUMMARY 


1. The equivalent conductances of 14 electrolytes in DMP have been 
determined at several concentrations in the range of 8-30 x 
APN. 

2. The limiting equivalent conductances of 6 completely dissociated 
electrolytes have been determined using Shedlovsky plots of A’, 
versus C. 

3. The limiting equivalent conductances and dissociation constants 
have been determined for 8 incompletely dissociated electrolytes 
by using Fuoss-Shedlovsky plots of SA versus Cf?S?A?. 

4. The Kohlrausch law of independent ion migration has been eon- 
firmed for solutions of electrolytes in DMP. 

5. In contrast to DMF solutions, the normal solvent correction appears 
valid for solutions of ammonium salts in DMP. 

6. Unusual limiting equivalent conductance behavior has been ob- 
served in that sodium salts are more conducting than corresponding 
potassium salts in DMP. 

7. The overall results indicate that DMP is a potentially useful elec- 
trolytie solvent. 
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Additions to the Moss Flora of Kentucky. II.’ 


Howarp A. Crum 


National Museum of Canada, Ottawa 


Since publishing a short list of additions to the moss flora of Ken- 
tucky in 1954 (Crum, 1954), I have received for determination some 
500 specimens of mosses collected by Dr. Mary E. Wharton in con- 
nection with her studies on the flora of Kentucky’s oil-bearing shales. 
An unusually complete and representative series, the collection in- 
eludes a number of species not previously reported from Kentucky, 
and I have added to the following list a few new records from my own 
collections of 1954 and 1955, mostly from the vicinity of Louisville. 

In the course of other investigations I have had occasion to ex- 
amine a few of the specimens reported by Fulford and Shacklette in 
their checklist of Kentucky mosses (1942). As a result of revision, 
two species can be deleted from the Kentucky flora: Rauia scita 
(P.-B.) Aust. (on rock at bridge before Falls, McCreary Co., Kay E. 
Baur, Apr. 15, 1934) is a mixture of species but predominantly 
Thudium minutulum (Hedw.) BSG, which was doubtless mistaken 
for Rawia, Funaria americana Lindb. (on soil, Woolper Creek, 
Boone Co., Kay FE. Baur, May 11, 1934) is F. flavicans Mx. instead. 
(Both specimens are to be found at the University of Cincinnati.) 

Complete sets of Dr. Wharton’s specimens are deposited in the 
herbaria of the University of Michigan and the National Museum of 
Canada. My own collections are at the University of Louisville, as 
well as the National Museum of Canada. 

Dicranum rugosum Brid. Oak-hickory woods, 1 mi. 8. E. of Harg, 
Estill Co., Wharton 419; open pine woods with good needle cover, 
pH 4.0, % mi. N. of hotel, Olympian Springs, Bath Co., Wharton 
490; chippy shale slope, Slate Branch, Rockeastle Co., Wharton 630.— 
Apparently reaching here its southern limit of distribution, D. 
rugosum is fairly common northward and was previously known from 
Newfoundland to British Columbia and south to Oregon, Minnesota, 
Ohio and West Virginia. 

Orthotrichum pusillum Mitt. On bark of oak, about 4 mi. N. of 
Lebanon Junction, Bullitt Co., Crum 2612; on bark of juniper, about 


1 Published by permission of the Chief Curator of the National Museum of Canada. 
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1 mi. W. of Hebron Presbyterian Church, §. of Okolona, Bullitt Co., 
Crum 2746; wooded slopes above Cedar Creek, about 5 mi. E. of Shep- 
herdsville, Bullitt Co., Crum 2664; thin, dry woods near Tunnel Hill 
Baptist Church, N. E. of Elizabethtown, Hardin Co., Crum 2695; 
rather dry woods above the Ohio River, about 6 mi. E. of Milton, Car- 
roll Co., Crum 2732, 2734——Grout (1946) gave the range of this 
species as ‘‘New England to Florida, west to Illinois and Missouri.”’ 
With Dr. L. E. Anderson I have recently made a special study of 
O. pusillum and its American relatives and have confirmed the dis- 
tribution of O. pusillum in the following states: Georgia, Kentucky, 
Mississippi, Missouri, New Jersey, New York, North Carolina, 
Pennsylvania, South Carolina, Tennessee, Texas, Vermont and Vir- 
ginia. It appears, therefore, that the range given by Grout is at least 
essentially correct, but it is equally clear from the specimens in his 
herbarium and from his statements in the literature that he did not 
properly distinguish O. pusillwm from O. pumilum Dicks. In O. 
pusillum, the capsules are barrel-shaped, very pale, smooth or nearly 
so when dry and empty, with exothecial cells poorly differentiated in 
longitudinal bands four cells wide and with the peristome split into 
16 irregular divisions which are usually erect. O. pumilum, however, 
has oblong-ovoid, dark-brown capsules, strongly plicate and some- 
times more or less strangulate when dry, with exothecial cells clearly 
differentiated in bands eight cells wide and with eight peristome 
teeth, reflexed when dry. Both species occasionally produce propa- 
gula on their leaves. 

Thelia lescuru Sull. On dry soil at top of knob, just north of Tom 
Wallace Lake, Jefferson Co., Crum 2646.—New England to Wisconsin, 
south to the Gulf; more abundant southward (Grout, 1928-39). This 
species is at best poorly differentiated from T. asprella Sull. and seems 
to intergrade rather freely with it. Habeeb (1950) reduced 7. lescuri 
to a variety of 7. asprella, and Gier and Kennedy recently (1955) 
carried out some cultural experiments designed to show that 7. 
asprella and T. lescurt are ecological forms. I have had but limited 
experience with 7. lescurv, and although I am aware of the difficulties 
in identification of at least some specimens, I am not yet convinced 
that T. lescurit should be abandoned. (Dr. H. S. Conard kindly 
ealled my attention to this species in my collections. ) 

Callkergonella schrebert (BSG) Grout. On the ground on a 
shaded, rocky bank, 1% miles S. E. of Jeffersonville, Montgomery Co., 
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Wharton 1885.—Very common in the North from Alaska to Nova 
Scotia, south to Virginia in the mountains of eastern United States. 
This species is most commonly assigned to Pleurozium, but it should 
be noted that the moss genus Plewroziwm Mitt. 1869 is invalidated as 
an orthographic variant of the earlier Plewrozia Dum. 1835 (an 
hepatic). 

Eurhynchium pulchellum var. robustum (Roll) Jenn. Wooded 
slopes above Cedar Creek, about 5 mi. E. of Shepherdsville, Bullitt 
Co., Crum 2663; 1 mi. E. of Harg, Estill Co., Wharton 455.—Kastern 
Canada to Minnesota southward to Louisiana. 

Plagiothecium elegans (Hook.) Sull. On shale, wooded N. E. slope, 
4 mi. S. E. Plummer’s Hill, Fleming Co., Wharton 3890; on moist 
shale bank, 114 mi. N. of West Bend, Powell Co., Wharton 201.—One 
of the more distinctive species of a difficult and troublesome genus, 
P. elegans is a slender, attractive moss bearing clusters of filamentous 
brood-bodies on the stems. It is also known to occur widely across 
Canada and the northern United States south to California in the 
West, and to Long Island, New Jersey and (along the mountains) 
North Carolina and Tennessee in the Kast. 

Plagiothecium sylvaticum (Brid.) BSG. On shale in a ravine, 
2 mi. N. W. of Stanton, Powell Co., Wharton 5306—A common, wide- 
spread species known from Alaska, Canada and eastern United States 
south to Alabama. 

Pylaisia selwynti Kindb. On oak tree, sine loco, Clark Co., 
Wharton 31, 90.—Widespread in southeastern Canada and eastern 
United States south to Florida and also reported from Arizona. Sur- 
prising as such a disjunction may seem, many mosses of common oc¢- 
currence in the eastern deciduous forests, including such species 
as Anomodon attentuatus, A. minor, and A. rostratus and Thuidium 
delicatulum, are also found in the mountains of Arizona and often in 
the Mexican highlands as well. 

Atrichum crispum (James) Sull. Creek bank, 1.5 mi. S. E. of 
Jeffersonville, Montgomery Co., Wharton 351.—British Columbia and 
Oregon, Ontario, Vermont, New York and southward to Tennessee. 
The lamellae on the upper surface of the leaves are at best poorly de- 
veloped in this species, and often, as in this collection, they are 
lacking. 
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Some Derivatives of 8-Quinolinol 


J.P. Putuuips, EK. M. BARRALL AND RICHARD BREESE 


Chemistry Department, University of Louisville 
Louisville, Ky. 


As PART of a program of research on chelating agents related to 
8-quinolinol the new compounds 3-chloro-8-quinolinol and 5-formyl- 
8-hydroxyquinaldine have been prepared and characterized both by 
the preparation of derivatives and by spectra. A new route to 2, 
8-dihydroxyquinoline has also been devised. 

Very few 3-substituted 8-quinolinols have been previously reported. 
The recent commercial availability of 2-chloroallylidene diacetate has 
made possible the synthesis of 3-chloro-8-quinolinol in low yield by a 
Doebner-Miller reaction with o-aminophenol. The new compound 
shows much the same color reactions with metal ions as 8-quinolinol, 
is quantitatively dibrominated (presumably in the 5 and 7 positions), 
yields a sulfonic acid derivative with fuming sulfuric acid and a 
hydrochloride with hydrochloric acid. Several metal chelates were 
also prepared and analyzed. The ultraviolet spectrum of 3-chloro- 
8-quinolinol in ethanol shows a small, bathochromie shift relative to 
8-quinolinol (1), probably a weighting effect; the infrared spectrum 
shows the presence of the OH group (3.0 ») and a strong band at 
13.25 » tentatively assigned to the carbon-chlorine linkage (2). 

5-Formyl-8-quinolinol has been prepared independently by the 
Reimer-Tiemann reaction (3) and by hydrolysis of a chloral-8-quinoli- 
nol condensation product (4). Since the authors of these procedures 
seemed unaware of each other’s work, it seemed desirable to prepare 
samples of the compound by both methods and demonstrate identity 
by means of infrared spectra. The location of the carbonyl band in 
this compound at 5:97 p» is the same as for p-hydroxybenzaldehyde as 
distinct from salicylaldehyde (6.05 ») (5), further evidence that the 
substituent is in the 5 rather than the 7 position. 

5-Formyl-8-hydroxyquinaldine was prepared by the Reimer- 
Tiemann reaction of chloroform and 8-hydroxyquinaldine in ex- 
tremely poor yield. The infrared spectrum of this aldehyde and its 
2, 4-dinitrophenylhydrazone were obtained. 

Although 8-quinolinol-l-oxide has been previously prepared in 
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several ways (6), the availability of peracetic acid caused us to try 
this as a new oxidant for this preparation. The product was identi- 
fied as the N-oxide by identity of infrared spectrum with a literature 
report (7). In bright sun light the N-oxide turned from yellow to 
black in a few minutes, although in dim light it was not appreciably 
discolored over long periods. 

The conversion of the N-oxide to 2-hydroxy-8-acetoxyquinoline by 
treatment with acetic anhydride goes readily in excellent yield as an- 
ticipated from similar isomerizations of other quinoline N-oxides to 
earbostyrils (8). Hydrolysis of the acetate to 2, 8-dihydroxyquinoline 
is nearly quantitative and this is a more satisfactory method of making 
this compound than fusion of 8-quinolinol with sodium hydroxide (9). 


EXPERIMENTAL 


3-Chloro-8-quinolinol. In a three-necked flask equipped with stirrer, con- 
denser and dropping funnel were placed 103 g. (0.95 mole) o-aminophenol in 
150 ml. concentrated hydrochloric acid. After heating to 110°C., 183 g. 
(0.95 mole) 2-chloroallylidene diacetate was added over a period of 15-30 
minutes. After six hours at 110° the solution was steam distilled briefly to 
remove volatile impurities and then neutralized with sodium hydroxide and 
the product steam distilled. Recrystallization from dilute ethanol gave pale 
yellow needles, m.p. 108-9°. Yield: 8.5 g. (5%). 

Anal. Caled. for CgHgNOCI: C, 60.3; H, 3.37; found: C, 60.5; H, 3.54. 

The ultraviolet spectrum in 95 per cent ethanol showed maxima at 250 
(42,900) and 318 (2200) mu. (Numbers in parentheses are molar absorbancy 
indices.) The infrared spectrum in potassium bromide showed the following 
maxima: 3.0, 6.17, 6.35, 6.67 (s), 6.80, 7.05, 7.27, 7.40, 7.87 (s), 8.30, 8.50, 
8.65, 9.02, 9.25, 10.78, 11.07, 11.32, 12.00, 13.25 (s), 14.00 p. 

The hydrochloride was prepared by passing hydrogen chloride into an 
ether solution of the compound to yield a yellow solid, m.p. 252° with decom- 
position. Neutral equivalent of hydrochloride: caled., 216; found, 216. 

A sulfonic acid derivative, presumably having the sulfonie acid group 
in the 5 position, was prepared by adding 0.5 g. 3-chloro-8-quinolinol in 
small portions to 5 ml. fuming sulfuric acid at 0° and allowing to stand 
overnight. On pouring the solution into water the derivative separated and 
was recrystallized from 5 per cent hydrochloric acid as the hydrate. 

Anal. Caled. for CgHgNO,CIS - H,0:S, 11.5; found, 11.4. 

Exhaustive chlorination of an acetic acid solution of 3-chloro-8-quinolinol 
gave an intractable gum. Dibromination with a standard bromate-bromide 
solution in hydrochloric acid proceeded quantitatively, however. 

Spot tests showed that 3-chloro-8-quinolinol gave chelate compounds 
similar to those of 8-quinolinol with Mg+2, Al+8, Cot+2,Nit2, Fet+3, Cut2, 
Zn+?, VO?—, and UO.+?. The aluminum, iron and zine compounds were 


precipitated, dried and analyzed for metal content according to standard pro- 
cedures (10). 
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Anal. Caled. for Al(CgH;NOC1).,: Al, 4.80; found: Al, 5.17 (bromination). 
Caled. for Fe (CgH;NOCI) 3: Fe, 9.4; found: Fe, 9.7 (ignition). 
Caled. for Zn(CgH;NOCI).: Zn, 15.5 found: Zn, 15.3 (bromination). 
5-Formyl-8-hydroxyquinaldine. 8-Hydroxyquinaldine (20 g.), 80 ml. ethanol 
and a solution of 40 g. sodium hydroxide in 50 ml. water were mixed and 
heated to reflux temperature. Chloroform (27 g.) was added dropwise over 
one hour and the solution refluxed 12 hours. After distilling the excess 
ethanol and chloroform the residue was dissolved in 600 ml. water and 
acidified with hydrochlorie acid. The solid was filtered, dried and extracted 
in a Soxhlet extractor with cyclohexane. The solid extract weighed one gram. 
It was recrystallized from ethanol, m.p. 162°. 

Anal. Caled. for C,,;,HgNO.: N, 7.5; found: N, 7.7. 

The ultraviolet spectrum of the compound in ethanol showed maxima at 
250 (28,000) and 310 (4900) my. The infrared spectrum had a carbonyl 
band at 5.97 yw, and other principal bands as follows: 3.0, 6.23, 6.36, 6.61 
(s), 6.75 (s), 6.95 (s), 7.08 (s), 7.33, 7.52, 7.92-8.02 (b), 8.40, 8.60, 9.27, 
9.70, 10.25, 12.02 (s), 12.62 and 13.92 p. 

For comparative purposes samples of 5-formyl-8-quinolinol synthesized 
by two methods (3, 4) and its 2, 4-dinitrophenylhydrazone, as well as the 
2, 4-dinitro phenylhydrazone of 5-formyl-8-hydroxyquinaldine, were also 
examined spectroscopically. Infrared maxima were as follows: 

5-Formyl-8-quinolinol: 3.1-3.3 (b), 5.95 (s), 6.18, 6.33, 6.63 (s), 6.75, 
6.93, 7.21, 7.72, 8.10 (s), 8.66 (s), 9.27, 9.65, 11.80, 12.06, 12.19, 12.52, 12.65, 
14.28, 14.75 p. 

2, 4-Dinitrophenylhydrazone of 5-formyl-8-quinolinol: 3.05, 6.20 (s), 6.27, 
6.62 (s), 6.75, 7.05, 7.27, 7.47 (s), 7.62 (s), 7.85 (b), 8.08, 8.78, 9.22, 10.46, 
10.82, 11.45, 11.95, 12.02, 12.18, 12.62, 13.12, 13.45, 13.75, 13.85, 14.26, 
14.90 xp. 

2, 4-Dinitrophenylhydrazone of 5-formyl-8-hydroxyquinaldine: 3.05 (b), 
3.45 (b), 6.20 (s), 6.27 (s), 6.63 (s), 7.03, 7.47 (s), 7.83, 8.21, 8.80, 9.25, 
9.48, 10.85 (b), 12.01, 13.45, 13.82, 14.12 p. 
8-Quinolinol-1-oxide. To 5.0 g. 8-quinolinol in 30 ml. chloroform was added 
dropwise 10 ml. 40 per cent peracetic acid with stirring. The mixture 
became hot and dark in color. After standing overnight the chloroform was 
removed under vacuum at room temperature and the gummy residue trituated 
with 20 ml. water and two drops of ammonia. The solid was immediately 
filtered and washed with water. It was then recrystallized from dilute ethanol 
as yellow plates, m.p. 137°. Yield: 3.5 g. (63%). 

The ultraviolet spectrum in ethanol had maxima at 242 (26,000) and 
345 (4,600) my; in 0.1 N. hydrochloric acid, at 246 (35,000) and 344 
(4,800) my. The spectrum of quinoline N-oxide is very similar to that of 
quinoline in hydrochloric acid (11) since the effect of the oxide oxygen is 
simply to use up the free electron pair of the nitrogen just as is done by 
hydrogen in forming the quinolinium ion with acids; a like identity of 
8-quinolinol-l-oxide to 8-quinolinol hydrochloride was not observed, how- 
ever (1). 

The infrared spectrum has been partially reported before (7); principal 
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maxima that we observed were at 3.27, 6.23, 6.52, 6.80, 6.85, 7.12, 7.47, 7.60, 
7.82, 8.40, 8.48, 8.66, 8.92, 9.20, 9.50 (s), 11.30, 12.25 (s), 12.65, 13.30 (s), 
15.05 p. 
2-Hydroxy-8-acetoxyquinoline. 6.5 g. 8-Quinolinol-l-oxide was added to 
25 ml. acetic anhydride and let stand. The initially clear solution precipitated 
a white solid after 2-3 days, and this was filtered and recrystallized from 
ethanol, m.p. above 250°. Yield: 7.2 g. (88%). The compound gave no 
ferric chloride test (9). 

Anal. Caled. for C,,;H gNO3: N, 6.90; found: N, 6.90. ; 

The infrared spectrum showed maxima at 3.31 (b), 5.65 (s), 6.00 (s), 
6.22 (s), 6.75, 6.98, 7.10, 7.27, 7.43, 7.85, 8.00, 8.40 (s), 8.65, 8.78, 9.30, 
9.55, 9.85, 10.95, 11.15, 11.60, 12.07, 13.38, 13.65, 14.70 p. The 5.65 » maxi- 
mum is due to the amido group that is tautomeric with the 2-hydroxy group. 
2, 8-Dihydroxyquinoline. In concentrated hydrochloric acid 2-hydroxy-8- 
acetoxyquinoline is refluxed for four hours. The product is filtered after 
diluting the solution with an equal volume of water and recrystallized from 
ethanol in nearly quantitative yield as a pale cream compound, m.p. 250°. 
The compound gave a faint green test with ferric chloride. . 

The ultraviolet spectrum in ethanol had maxima at 234 (23,000), 258 
(33,000), 288 (10,000) and 335 my, showing little resemblance to the spectrum 
of carbostyril (12). The infrared spectrum had maxima at 3.27 (b), 6.10 (s), 
6.21 (s), 6.43 (s), 6.60, 6.75, 6.92, 7.07, 7.19, 7.50, 7.60, 7.72 (s), 7.92, 8.20, 
8.53, 8.67, 9.22, 9.50, 10.30, 11.15, 11.42, 11.98 (s), 12.65, 13.48 (s), 14.20. 
The maximum at 6.10 corresponds to the carbonyl group of a carbostyril as 
comparison with the carbostyril spectrum shows (13). 
Spectra. All ultraviolet spectra were run in 1.00 em. silica cells on a Beckman 
DU Spectrophotometer. Infrared spectra were run on a Baird Associates 
Double Beam Spectrophotometer in the range 2-15 » using a sodium chloride 
prism. As a resuit of considerable absorption by the potassium bromide 
pellets and the poor resolution of the instrument at short wavelengths, little 
reliance can be placed on the presence or absence of maxima below about 
4 4; some known hydroxyl compounds, for example, show no detectible band 
near 3.0 4 when examined in the potassium bromide pellets. The symbol (s) 
is used to designate the strongest absorption bands in each compound, while 
(b) indicates a band of unusual width. Accuracy of wavelength assignments 
is estimated to be £0.05 p. 
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A Comparative Study of Two Fish-Sampling 
Methods in a Small Kentucky Impoundment* 


JoHN F. Hau 


Division of Fisheries, Department of Fish and Wildlife Resources, 
Frankfort, Kentucky 


INTRODUCTION 


Is DECEMBER of 1952 the Kentucky Department of Fish and Wild- 
life Resources purchased two small impoundments in western Ken- 
tuecky as part of an expanding program of lake improvement and 
management. The present study is a result of the investigation of 
the population of one of these lakes, Old Kingfisher Lake. The 
main purpose was to compare the reliability of two sampling methods. 
netting and spot poisoning, as applied to a small impoundment. 
Total eradication by poisoning was employed as a check on the ef- 
ficiency of the two sampling methods. 

Old Kingfisher is a shallow lake with a maximum depth of 10 
feet, an average depth of 5.8 feet, and a surface area of 14 acres. 
It was built around 1900. The bottom sediments are composed of 
sand, mud and gravel. The drainage area includes approximately 
50 acres of second-growth timber, meadowland and cultivated fields. 
The lake is very clear and until June, 1953, had a luxuriant pond- 
weed flora, which consisted chiefly of coontail (Ceratophyllum demer- 
sum Linn.). 

This lake has been stocked sporadically through the years with 
fishes seined from the nearby Ohio River. During this time fishing 
declined steadily, with only a few medium sized largemouth bass 
(Micropterus salmoides)t, a few black crappie (Pomoxis nigro- 
maculatus) and a few small bluegill (Lepomis macrochirus) being 
taken each year. 


MeEtTHOoODS 


The present investigation was initiated on March 1, 1953, and 
terminated on July 15, 1953. Netting operations began March 11. 


* Based on a portion of a thesis submitted to the Graduate Faculty of the University 
of Louisville in partial fulfillment of the requirements for the degree of Master of Science. 

Contribution No, 1 (New Series) from the Department of Biology, University of 
Louisville. 

+ The scientific nomenclature employed here follows Bailey (1956). 


Transactions of the Kentucky Academy of Science, 17 (3-4): 140-147. Decem- 
ber, 1956. 
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A 34” (bar measure) gill net, 210’ long, was set at this time and 
removed on April 14. On March 19, a 100’ trammel net was added 
and this was fished until May 20. A wing net, with a 5’ opening, 
two throats and 30-foot wings, was set on April 3, and removed on 
May 1. A small trammel (30’), two small hoop nets (3’ openings), 
and a 114” (bar measure) gill net were placed in the lake on May 
10 and removed on May 20. Each net was moved to a new location 
every four days. 

On May 20 a one-acre cove was poisoned with powdered derris 
root (5% rotenone) at a concentration of 1-2 ppm. Fish were 
collected for two days following the poisoning. 

Complete poisoning of the lake was effected on June 4, utilizing 
powdered derris root (5% rotenone) at a concentration of 1.8 ppm. 
Fish were collected for five days following this treatment. 


REsuuLtTs oF NETTING STUDIES 


Seven different nets were fished for a total of 131 net days (Table 
I). The total catch amounted to 247 fishes which weighed 72.8 pounds. 


TaBLE I. OLD KINGFISHER LAKE NETTING STUDIES. 


30’ 100’ & of 
Trammel |Trammel Total 
Species 2 = 3 = a = 8 = = ate = 
2 fap Es = al ella Sen le 
Zea) Wie eee ale Ea eae | 
Golden Shiner......... LOST 6] 3.0} 154/23.1 161/26.3] 65.2) 36.1 
Blacks Bullhead: : 2 ...5.|050-|.0-- LZEOe Soli Zeolees 43|22.3| 17.4] 30.7 
@hubsucker=....<:.... 8} 1.0 9) 6.3 PAV Gayle 19} 8.8] 7.7} 12.0 
Minidwrrckerelk © 42st «|e 4 5) 2.0 Seale 10) 4.) “4250 25e6 
1B) here ee ease DOr 2) 0.4 iN) (Als c FIO LS 220 dik 
Wiarmouth..5.......-: LO SZ ns toe Si) ee 415226) MeGiaoca 
Largemouth Bass......]....|.... ll HS ZA 1} 0.9 PA\ lay Al 5. Ol WeOnset 
MonthermePike’ «5 ssi) o2<)s >> LAO sic rctaltstans 1] 2.0) 0.4) 2.8 
Motalsnrs cs. 12} 1.5) 36/25.2) 197|/42.7 2) 3.2] 247/72.8)100.0/100.0 
Number of Net Days 10 30 34 27 101 


Two small hoop nets fished for 10 days——— No Catch 


One 114” gill net fished for 10 days—————_ No Catch 


Total Net Days = 131 
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Golden shiners (Notemigonus crysoleucas) and black bullheads 
(Ictalurus melas) made up the largest percentage of the catch, 
comprising 82.6% of the total number.and 66.8% of the total weight. 
Because of the very clear water and the immense weed growth, 
netting in this impoundment proved very unproductive. Another 
factor which may have been important was the daily occurrence of 
turtles in the hoop nets. How many of the captured fish they con- 
sumed cannot be ascertained. 


RESULTS oF Spot PoIsONING 


Because of the dense growth of coontail in this lake, it was im- 
possible to place a stop net across the poisoned cove. For this reason 
many fish probably moved out into the untreated water and escaped. 
One large smallmouth buffalo (Ictiobus bubalus) was gigged by 
one of the biologists, but escaped into deep water. This fish was 
found later when the fish population was eradicated completely. 
It was scarred around the dorsal fin where the gig had penetrated, 
but otherwise was in good condition without any trace of infection 
around the wounds. 

4,296 fish were collected with a combined weight of 156.4 pounds 
(Table IIT). Three and four-inch bluegill made up the largest per- 
centage of this number, (74.4%) and weight (65.5%). On the basis 
of these figures it was assumed that the population in this lake con- 
sisted chiefly of stunted bluegill. 


TABLE II. Spot POISONING IN OLD KINGFISHER LAKE 


Length Weight 

In In % of % of 
Species Inches | Number | Pounds Total Weight 
Bluepill Rens ice ce ere eee 3-9 3344 112.4 77.8 71.9 
5-6 Alt 3.6 0.5 2.3 
AVENE oaVoyislalerd (als Aims ere aicisemtoed GMina Gd ue 3-4 709 21.2 16.5 13.6 
Black wBullheady ee eon aoe 4—6 25 1.4 0.6 0.9 
7-8 4 0.7 0.2 0.4 
10-11 3 1.8 0.1 1.2 
Blacki@rappiessannaccee ieee 7-8 7 5.4 0.4 3.4 
11-14 2 1.8 0.0 1.2 
arsemouthiBasssn arty ae er 3-5 137 V6 Boe) 0.9 
16-17 1 225) 0.0 1.6 
GreentsSuntishe seen ee aeciae 3-5 29 1.6 0.7 1.0 
Kentucky Basser eee eee 16-17 1 2.9 0.0 1.6 
Goldtishie da sl SU Oe ike 3-4 1 0.0 0.0 0.0 
Hho ball sive Meee Meer e el eee 4294 156.4 100.0 100.0 
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RESULTS OF COMPLETE ERADICATION 


Two days after the lake was treated with a concentration of 1.8 
ppm. derris root, several large, live carp (Cyprinus carpio) were 
seen lying on the bottom of the lake. It was decided to poison the 
lake a second time after killing the weeds. 

The lake was sprayed with 300 gallons of liquid sodium arsenite 
on June 19 and 20. Water was collected and analyzed to determine 
the arsenic content 3, 8, 12, and 20 days after treatment. Three days 
after poisoning the water contained 5.5 ppm. of arsenic trioxide 
(As203) ; the 8th day, 4.0 ppm.; 12th day 2.8 ppm.; and finally, 20 
days after poisoning, the water contained only 0.8 ppm. of the chemi- 
eal. 

After the weeds had disappeared (about one week after spraying), 
the lake was treated in the same manner as before with a concentra- 
tion of 1.8 ppm. derris root. During the next five days 12 carp 
and 5 small warmouth (Chaenobryttus gulosus) were collected. No 
evidence of living fish could be seen after this poisoning and it was 
assumed that all were killed. The data from the complete eradication 
are Shown in Table ITI. 

The total number recovered from the two poisonings was 74,739 
and the total weight was 4,208.8 pounds. Bluegill made up 90.2% of 
the total number and 51.4% of the total weight. All but 11 of these 
bluegill were from 3 to 5 inches long. Buffalo and carp, totalling 


TABLE III. COMPLETE ERADICATION OF OLD KINGFISHER LAKE.* 


Length Weight % of % of 

In In Total Total 
Species Inches | Number |} Pounds | Number | Weight 
LEUNG TA crctovostdta 8 SION GRE RRS Bee 3-7 67,429 | 2161.5 90.2 51.4 
SUN eum Ot ne be Reape 5 Ses She aya t oes 2-6 5,792 159.3 7.8 3.8 
Ley exalt (Ori 0) 0) Ce aie eee ee cee 8-18 821 219.1 sil aaa 
BlackeBullheades ie it ss sta eee 6-15 403 174.8 0.5 4.2 
arzemouthy Bass gis. cal ss wag acs 9-21 166 292.7 0.2 7.0 
GoldentShiners {5700.4 6.4 xe 5 sera 6-8 50 7.2 Oeil 0.2 
Smallmouth Buffalo.............. 28-42 30 813.0 0.0 19.3 
RO iniostic kerry caps tats hoe yore 7-11 24 12.2 0.0 OFS 
(CEDID ad see'oi Sie Raa wee ea 25-37 17 259.0 0.0 6.2 
Largemouth Buffalo.............. 39-42 3 107.5 0.0 2.6 
IRPMONNOE ICE oo elie juele es ee 11-15 2 1.8 0.0 0.0 
Mendiekerel re oe se occ 9-11 2 Okie 0.0 0.0 
MRO UBS Respep ees east ikee see 74,739 | 4208.8 99.9 100.2 


*Includes both first and second poisonings. 
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1,179.5 pounds or 28.0% of the total, comprised a large portion of 
the weight. 


DIscUSSION OF RESULTS 


Various investigators have studied the recovery of a population by 
marking and recovery. Ball (1948) marked 246 bluegill and 210 brook 
trout and planted these fish in Ford Lake, Michigan, 3 and 4 days 
prior to poisoning. Only 58.9% of the marked bluegill and 44.0% 
of the marked trout were recovered despite careful effort by the 
investigators. 

Krumholz (1950) recovered (in an Indiana pond of 1.4 acres 
with a maximum depth of 10.5 feet) 91.0% of marked green sunfish 
and 87.1% of marked largemouth bass. Krumholz considered this to 
be a very high recovery. In his study fish were picked up for 8 days 
following treatment. 

Fredin (1950) treated two shallow Iowa ponds of 0.3 and 0.4 
acres in which wading was possible. Therefore recovery conditions 
were probably ideal. The smaller pond contained 232 marked bull- 
heads of which 90.0% were recovered. In the 0.4 acre pond there 
were 153 marked goldfish and 226 marked bullheads. Of these 
90.0% of the goldfish and 86.0% of the bullheads were recovered. 

Jenkins (1951) estimated an 80% recovery of the actual kill in 
an Oklahoma lake that had an area of 2.5 acres and a maximum 
depth of 12 feet. 

In the present investigation the recovery was probaly incomplete 
because of the dense weeds and the large number of scavenging 
turtles. It was estimated in the light of the earlier studies cited above 
that the recovery in Old Kingfisher Lake was about 65%. 

A comparison of the netting and spot poisoning methods is shown 
in Table IV. This reveals a complete absence of golden shiners, 
chubsuckers (Hrimyzon sucetta), largemouth buffalo (Ictiobus cypri- 
nellus), pickerel (Hsox americanus vernucularis), carp, smallmouth 
buffalo and northern pike (Hsox lucius) in the spot poisoning. These 
species may well have been in deeper water and not in the cove, 
or they may have moved out of the poisoned area because of the 
lack of a stop net. 

Young-of-the-year largemouth bass showed up in the spot poison- 
ing, yet were absent in the complete eradication. This may have 
been due to the quick kill in the final poisoning, with these fish 
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TABLE IV. COMPARISON OF NETTING, SPoT POISONING, AND COMPLETE ERADICATION. 


NeEtrine Spot PoIsonine ERADICATION 

Species Number | Wt. (Ibs.) | Number | Wt. (lbs.) | Number | Wt. (Ibs.) 
Bliepiiines occas. 67,429 | 2,161.5 
Warmouth......... : 5,792 159.3 
Blnoka rapper isiic|.c hee rele hese ; 821 219.1 
Black Bullhead..... i : 403 174.8 
Largemouth Bass... : : 166 292.7 
Golden Shiner...... Eas Vetoes Oe Gee | CRE ae oe 50 Ue 
SIMALIMOULHMEUT alO|R eeu tay cAllsestorc te allccis teins ocllek-cie no ema 30 813.0 
Chubsucker........ Pio di || oe e wa /eoe ee ENERReeee 24 12.2 
‘CECRD > 0 0 0.67610: Ohaee BRAS HB Shae eres |S rec a] ne a (ne 17 259.0 
ence miOut np is Ue al ol Mensa ers olla steve ot Poe | fverads ers cist al|sieteceatseaneeaes 3 107.5 
Northern Pike..... 2 OB etna alletencncesnasto 2 1.8 
Mud Pickerel...... 5 rl haa et eM | al ee ka 2 0.7 


RETITMIC UE ASSL Arta Tere. ae ORNS Sere ons KD) || eisids. cave Shel eo epee 
FGTEGHESUUsMee yrs Selisdea van iecllts Grhiseuneales LGallncaeeles toys ll Aer mares 


Totals. ... 74,739 | 4,208.8 


sinking quickly and being consumed by turtles. Futhermore, green 
sunfish (Lepomis cyanellus) were not found in the final poisoning. 
A goldfish (Carassius auratus), taken in the spot check, was probably 
an escapee from a fisherman’s minnow bucket. 

More golden shiners and pickerel were taken in the netting 
studies than in the complete poisoning. This seeming discrepancy 
may have resulted from the death of many individuals in the interim 
due to netting injuries. Inasmuch as gill nets are usually selective 
for these species, most of them were probably taken in the nets. 

The netting data and the results of spot poisoning revealed com- 
pletely different pictures of the lake population. From the netting 
studies one could assume that the population consisted mostly of 
golden shiners and chubsuckers, along with bullheads and pickerel. 
The results of the spot poisoning evidently gave a better picture 
of the complete population, with three and four-inch bluegill compris- 
ing the greatest number and weight, for this is precisely what was 
found in the complete eradication. 

Although spot poisoning probably is the best method of sampling 
fish populations known today, the writer believes that when used alone 
it gives an incomplete picture of a population unless there is some 
other substantiating evidence. Apparently it is selective to a certain 
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degree. Carter (1954) found that in Kentucky Lake it was selective 
to shad and did not show the true percentage of white crappie 
(Pomoxis annularis) when correlated with the netting studies on 
this impoundment. Futhermore unless a stop net is used many 
species will move out of the poisoned area. The rotenone used in 
spot poisoning is effective only in warm water and therefore fails to 
kill those species which are in the cooler water at the time of its 
application. However, annual spot poisoning will indicate fluctuations 
in populations. This is true because it is a good index to young- 
of-the-year fish abundant in shallow water where they feed and find 
protection from predators. 

In the present investigation neither netting nor spot poisoning 
indicated all species present. The hoop nets, which are usually 
selective to rough fish, failed to take carp or buffalo although the nets 
were baited properly with soybean meal. The extreme transparency 
of the water may have been a factor. Probably more species would 
have been recovered in the spot poisoning if a stop net had been used. 


ACKNOWLEDGEMENTS 


I wish to express my appreciation to the following people who 
were of great assistance in this study: Dr. William M. Clay, who 
offered constructive criticism and suggestions; Mr. Minor Clark, 
Director of Fisheries at Frankfort, who permitted the use of equip- 
ment and materials necessary for the study; and Mr. William Tomp- 
kins, Mr. Mercer Peters, Mr. Charles Bowers and Mr. James Kirk- 
wood, all of whom contributed to the investigation. 


SUMMARY 


1. An investigation was conducted on a 14-acre impoundment in 
western Kentucky to determine the fish population, and to check 
the efficiency of two sampling methods, spot poisoning and netting. 

2. Seven different nets of four types were fished for 131 net days. 
The data assembled from netted fish suggested that the population 
consisted mostly of golden shiners and black bullheads. 

3. A one-acre cove was poisoned with 5% rotenone and the kill 
was analyzed. The data seemed to indicate that the lake contained 
mostly stunted bluegills. 

4. Finally, the entire lake was poisoned with rotenone and a 
recovery estimated to be 65% was effected. Several species were taken 
in this method which were missed by spot poisoning and netting. 
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5. As judged by the population recovered at the time of com- 
plete eradication, the spot poisoning method revealed a more nearly 
accurate picture of the fish present than did the various nets. Factors 
affecting efficiency of these methods are discussed. 
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ACADEMY AFFAIRS 


THE 1956 FALL MEETING OF THE KENTUCKY ACADEMY OF SCIENCE 


The forty-second annual meeting of the Kentucky Academy of Science was 
held at Eastern Kentucky State College, October 26 and 27, 1956. The program 
of events is presented below. 


At the business session on Saturday morning, presided over by President 
A. M. Wolfson, the following officers were elected: 

President-elect: William M. Clay, University of Louisville. 

Vice President: L. E. Alexander, Kentucky State College. 

Secretary: Gerrit Levey, Berea College. 

Treasurer: Richard A. Chapman, University of Kentucky. 

Representative to the AAAS Council: Mary E. Wharton, Georgetown College. 

The Directors elected to serve until 1960 were W. E. Blackburn and Roger 
W. Barbour (reelected). 


It was announced that the AAAS Research Grant of $50.00 had been awarded 
to Dr. Branche Howe, Jr., of Union College, to aid in his research on crossing 
over in Neurospora. 

The principal item of business was the following amendment to Article II 
of the Constitution, creating a new type of membership: 

‘‘Business and Industrial members shall be business and industrial institu- 
tions which through support have indicated their sympathy and accord with the 
aims and purposes of the Kentucky Academy of Science.’’ 

The By-laws were amended to set the dues for Business and Industrial Mem- 
bership at $250.00. 

The Resolutions Committee presented the following resolution which was 
adopted: 

“WHEREAS, WE are aware of a national crisis in the shortage of science 
teachers, and WHEREAS, WE are particularly affected in Kentucky, be it resolved, 
That we as members of the Kentucky Academy of Science do all within our 
power, both as individuals and as a body, to promote better science teaching at 
all educational levels and to encourage promising prospective teachers to choose 
a science field for teaching.’’ 

It was agreed that the Resolutions Committee should prepare resolutions con- 


cerning the late Dr. Austin R. Middleton, and that these should be published in 
the Transactions. 


GENERAL SESSIONS 
PROGRAM 
FRIDAY, OCTOBER 26 
2:00-3:00 P.M. Registration. Refreshments served. 


3:00 P.M. WELCOME By Dr. W. F. O’DoNNELL, President, Eastern Kentucky 
State College. 


PROGRAM OF INVITED PAPERS: 


**Recent Advances in Coal Research’’ by Dr. R. A. Glenn, Research 
Chemist, Bituminous Coal Research, Inc., Pittsburgh, Pennsylvania 
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““Recent Advances in Microbiology’’ by Dr. R. H. Weaver, Professor 
of Bacteriology, University of Kentucky 
““Reecent Advances in Chemistry’’ by Dr. R. H. Wiley, Professor of 
Chemistry, University of Louisville 

5:00 P.M. BusINESS SESSION. 

5:30 P.M. CoMMITTEE MEETINGS. 

6:30 P.M. BANQUET 

8:00 P.M. InLUSTRATED LECTURE 
‘“Natural Vegetation of South Africa’’ by Dr. Herbert P. Riley, 
Professor of Botany, University of Kentucky. 


SATURDAY, OCTOBER 27 
8:30 A.M. BUSINESS SESSION. 
9:15 A.M. Winner of discussion contest at spring convention of Kentucky Junior 


Academy of Science, Kenneth Harbison, presenting his talk on 
‘¢Plasties.’’ 


SECTION MEETINGS 
BACTERIOLOGY AND MEDICAL TECHNOLOGY SECTION 
Mary Benedict Clark, Chairman; Genevieve Clark, Secretary 
(1) Electron microscopy of lysis of Aerobacter chloaceae. O. F. Edwards, 
University of Kentucky. 
(2) Leukoeytie sensitivity in guinea pigs experimentally infected with M. tuber- 


culosis and treated by chemotherapy. Herbert E. Hall and Morris Scherago, 
University of Kentucky. (Presented by Hall) 


(3) The origin of relapse strains in Trypanosoma equiperdum. William F. Can- 
trell, University of Louisville. 

(4) Folie acid sparing in chicks by dietary antibioties. R. F. Wiseman, Uni- 
versity of Kentucky, and W. B. Sarles, University of Wisconsin. (Presented 
by Wiseman) 

(5) The Lupus Erythematosus (L.E.) cell phenomenon. H. Davis Chipps, Central 
Baptist Hospital. 

(6) Studies on the morphology of some Nocardia. Barbara Young and Margaret 
Hotchkiss, University of Kentucky. (Presented by Miss Young) 

(7) Rapid methods for determining the fermentative abilities of microorganisms. 
Joseph McDade and R. H. Weaver, University of Kentucky. (Presented 
by MeDade) 


BioLogy SECTION 
Gerald A. Cole, Chairman; Hunter Hancock, Secretary, Presiding 

(1) The effect of the protozoan parasite, Perezia pyraustae Paillot, upon the 
European corn borer. 

Harold L. Zimmack and T. A. Brindley, Iowa State College. (Presented by 
Zimmack ) 

(2) Some observations on the flora of Robinson Forest, Breathitt County, 
Kentucky. Roger W. Barbour, University of Kentucky. 

(3) Origin and development of latex cells in Nelumbo. Sister M. Assumpta 
Devine and J. D. Dwyear, Ursuline College. (Presented by Sister M. As- 
sumpta) 

(4) Chemical protection against x-ray damage to choromosomes. Herbert P. 
Riley, University of Kentucky. 


150 Academy Affairs 


(5) Age of the New Providence formation. James E. Conkin, University of 
Cincinnati. (Read by title.) 

(6) The oceurrence of natural hybridization in the genus Helianthus. Dale M. 
Smith, University of Kentucky. 


(7) Botanically unstudied areas in Kentucky. Mary E. Wharton, Georgetown 
College. 

(8) Crossing over and nuclear passing in Neurospora crassa. H. Branch Howe, 
Jr., Union College. 

(9) Preliminary report on the analysis of Kentucky sorghum syrups. Carl E. 
Henrickson, University of Kentucky. 


(10) Seasonal fluctuations in the frequency of Drosophila species. John M. 
Carpenter, University of Kentucky. 


(11) A study of the tissue distribution of cadmium 115 m as influenced by 
various diets. C. B. Hamann, Asbury College. 


CHEMISTRY SECTION 


Gradus L. Shoemaker, Chairman; Paul G. Sears, Secretary 

(1) A simple color test for amines. Walter T. Smith and John Ellis, Uni- 
versity of Kentucky. (Presented by Smith) 

(2) Some properties of solutions of sulfamie acid in several non-aqueous solvents. 
Ralph Hovermale, William Plucknett, and Paul Sears, University of Ken- 
tucky. (Presented by Hovermale.) 

(3) The gas-liquid partition chromatography (GLPC) separation of the fatty 
acids, Cy to C,,, by a simplified apparatus. Sister Virginia Heines, Sister 
Roderick Juhasz, Sister Mary Adeline O’Leary, and Guenter Schramm, Naza- 
reth College. (Presented by Sister Virginia Heines.) 

(4) Spectrographic analysis of rare earths in controlled atmospheres. Elwood 
M. Hammaker, George V. Pope, and William F. Wagner, University of 
Kentucky. (Presented by Pope.) 

(5) The self-diffusion coefficients of the sodium ion in solutions of sodium 
chloride in methanol at 25°. James Ellard, William D. Williams, and Lyle 
R. Dawson, University of Kentucky. (Presented by Dawson.) 

(6) Some substituted benzotriazoles. Karl. F. Hussung and Richard H. Wiley, 
University of Louisville, (Presented by Hussung.) 

(7) An elecdrochemical study using dimethyl sulfoxide as a solvent. Paul 
Sears, George Lester, and Lyle Dawson. (Presented by Lester.) 


(8) 3, 6-diaryl-2-pyrones. Charles H. Jarboe and Richard H. Wiley, University 
of Louisville. (Presented by Jarboe.) 


PsycHoLocy SECTION 


J. S. Calvin, Chairman; W. M. Taylor, Secretary 
Concept formation and creativity. Joan Lee, University of Kentucky 


bo 


SN 


The margin of safety, a new experimental approach. Richard Honey, 
Norman Hagley, and Hans Hahn, Transylvania College. (Presented by Dr. 
Hahn. ) 

(3) The role of instructions and differential amounts of reward in human learn- 
ing with partial reinforcement. John A. Modrick, University of Kentucky. 


(4) Some mathematical and logical concepts in children. Betsy Worth Estes, 
University of Kentucky. 
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(5) A systematic approach to determine reaction to frustration. Martha 
McClary, Morton McAnally, and Hans Hahn, Transylvania College. (Pre- 
sented by Dr. Hahn.) 


(6) The relationship of the self concept, as measured by the semantic differential, 
to the connotative meanings of self-report inventory items. James Madden, 


University of Kentucky. 
ENGINEERING SECTION 
W. M. Carter, Chairman; K. R. Cardey, Secretary 
KENTUCKY ASSOCIATION OF PHYSICS TEACHERS 
JUNIOR ACADEMY OF SCIENCE 


News and Notes 


Murray State College, Murray, Kentucky, has been awarded $73,000 by the 
National Science Foundation to conduct a Summer Science Institute during 1957. 
Murray is one of the 95 colleges and universities in the nation to be chosen as 
recipient of a grant for this purpose. 

The Spring Meeting of the Kentucky Academy of Science will be held at 
Mammoth Cave, April 26-27, 1957. 
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Academy Affairs, 16: 106; 17: 148 
(see also: News and Notes) 
Acanthaceae, 2 spp., 16: 96 
Aceraceae, 5 spp., 16: 93 
Acrididae, 16: 102 
Acris gryllus crepitans, 17: 82, 83, 85 
Aizoaceae, 1 sp., 16: 91 
Alismaceae, 3 spp., 16: 89 
Alkaloids, extraction of, 16: 14 
Amaranthaceae, 2 spp., 16: 91 
Amaryllidaceae, 2 spp., 16: 90 
Ambloplites rupestris, 17: 98 
Ambystoma opacum, 17: 38 
Ameiurus melas, 17: 98 
sp., 17: 38 (see also Ictalurus) 
Amia calwa, 17: 38 
B-Aminonitroalkane, 16: 86 
Amphiuma means, 17: 38, 40 
Anacardiaceae, 5 spp., 16: 93 
Ancistrodon piscivorus leucostoma, 17: 
33, 40 
Annonaceae, 1 sp., 16: 92 
Anomodon attentuatus, 17: 133 
minor, 17: 133 
rostratus, 17: 133 
Aplodinotus grunniens, 17: 98 
Apocynaceae, 2 spp., 16: 95 
Araceae, 2 spp., 16: 90 
Araliaceae, 3 spp., 16: 94 
Arehdeacon James W., 16: 49; 17: 66 
Aristolochiaceae, 2 spp., 16: 91 
Arsenic trioxide, 17: 143 
Aselepiadaceae, 9 spp., 16: 95 
Atrichum crispum, 17: 133 


Balsaminaceae, 2 spp., 16: 94 
Barbour, Roger W., 16: 102; 17: 33, 
81, 102 
Barrall, BE. M., 17: 135 
Bass, Kentucky (or spotted), 17: 91, 93, 
94, 98, 99, 140 
largemouth, 17: 91, 93, 94, 96, 99, 
140 
rock, 17: 92, 98 
smallmouth, 17: 92, 98 
warmouth, 17: 91, 93, 94, 96, 148 
white, 17: 57, 59, 91, 93-96, 99 
Beaver, 17: 40 


Berberidaceae, 3 spp., 16: 92 

Bignoniaceae, 3 spp., 16: 96 

Bile flow, in relation to blood pressure 
16: 49 

Biography of 

Austin Ralph Middleton, 17: 77 

Blood pressure, in relation to bile flow, 
16: 49 

Bluegill, 16: 98-100; 17: 57-64, 91, 93, 
94, 140-148, 145 

Book Review, 16: 105 

Boraginaceae, 6 spp., 16: 95 

Brain, effect of chlorpromazine on me- 
tabolism of, 17: 66 

Breese, Richard, 17: 135 

Bromine, action on silver salt, 16: 73 

Bufo terrestris americanus, 17: 82, 83, 
85 

woodhousei fowleri, 17: 82, 83, 85 
Bufonidae (see Salientia) 


Calliergonella schreberi, 17: 132 
Callitrichaceae, 1 sp., 16: 93 
Calopsectra dives, 16: 8 
exigua, 16: 8, 9 
Calopsectrini, 16: 8 
Campanulaceae, 6 spp., 16: 96 
Campbell, Paul C., 16: 14 
Capacitance meter, 16: 45 
Caprifoliaceae, 7 spp., 16: 96 
Carassius auratus, 17: 145 
Carp, 17: 98, 143, 144, 145, 146 
Carphophis amoena, 16: 103 
Carpiodes carpio, 17: 98 
Caryophyllaceae, 11 spp., 16: 91, 92 
Case, Roberta Burckhardt, 16: 57 
Catfish, black bullhead, 17: 98, 141, 142, 
1438, 145 
channel, 17: 91, 93, 94, 97 
flathead, 17: 92, 98 
Celastraceae, 3 spp., 16: 93 
Ceratophyllum demersum, 17: 140 
Ceratopogonidae (see Heleidae) 
Chaenobryttus coronarius, 17: 96 
gulosus, 17: 143 
Chaoborus punctipennis, 16: 2, 3, 12 
Chelates, of 5, 8-quinolinedionedioxime, 
16: 20 
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Chenopodiaceae, 1 sp., 16: 91 
Chironomidae (see Tendipedidae) 
3-Chloro-8-quinolinol, preparation of, 
17: 135 
Chlorpromazine, 17: 66 
Christian, Paul J., 17: 42 
Cicadella, 17: 42 
Cieadellidae, 17: 42 
Cistaceae, 1 sp., 16: 94 
Clay, William M., 16: 53, 57 
Clinotanypus flavicinctus, 16: 7 
Coal, strip mining of, 17: 101 
Coelotanypus scapularis, 1§: 7, 8 
Cole, Francis K., 16: 45 
Coleoptera, as fish food, 16: 99, 100 
Colinus virginiana, 16: 102 
Commelinaceae, 4 spp., 16: 90 
Compositae, 96 spp., 16: 96, 97 
Conductances, low temperatures, 16: 40 
of uni-univalent electrolytes, 17: 123 
Convolvulaceae, 8 spp., 16: 95 
Corn, basic material from, 16: 14 
Cornaceae, 3 spp., 16: 94 
Corvus brachyrhynchos, 16: 103 
Corylaceae, 3 spp., 16: 91 
Cottonmouth, 17: 33-36, 38, 40, 41 
Crappie, black, 17: 91, 93, 94, 97, 99, 
140, 142, 143, 145 
white, 17: 91, 93, 94, 99, 146 
Crassulaceae, 1 sp., 16: 92 
Cryptochironomus psittacinus, 16: 9 
Cricotopus trifasciatus, 16: 8 
Cruciferae, 18 spp., 16: 92 
Crum, Howard A., 17: 131 
Crustacea, as fish food, 16: 98-100 
Cucurbitaceae, 1 sp., 16: 96 
Culicidae (see Chaoborus) 
Cunningham, Robert, 16: 57 
Cyperaceae, 29 spp., 16: 90 
Cyprinus carpio, 17: 98, 143 


Davies, P. A., 16: 88 

Dawson, Lyle R., 16: 40 

Dero, 16: 1 

Deye, J. F., 16: 20 

Dicranum rugosum, 17: 131 

Didelphis virginiana, 16: 103 

N,N-Dimethylpropionamide, solvent 
properties of, 17: 123 

Dioscoreaceae, 1 sp. 16: 90 

2, 2-Diphenyl-l-methylindoxyl, 17: 79 

3, 3-Diphenyl-l-methyloxindole, 17: 79 

Dipsacaceae, 1 sp., 16: 96 
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Diptera, as fish food, 16: 98-100 
as fox food, 16: 103, 104 
from Tom Wallace Lake, 16: 1 

Drum, 17: 98 

Duckwall, A. L., 16: 20 


Ebenaceae, 1 sp., 16: 95 
EDTA, titration with, 16: 80 
Edueation, technical, some observations 


on 16: 33 
Electrolytes, conductanees in DMP, 17: 
123 


Ephemeroptera, as fish food, 16: 99, 100 
in Tom Wallace Lake, 16: 1 
Equisetaceae, 2 spp., 16: 89 
Ericaceae, 3 spp., 16: 94 
Erimyzon sucetta, 17: 144 
Esox americanus vermicularis, 17: 144 
lucius, 17: 144 
sp. ls 38 
Euphorbiaceae, 7 spp., 16: 93 
Hupteryx artemisae, 17: 42, 48, 53 
aurata, 17: 43, 52, 56 
elavalis, 17: 42-44, 55 
collina, 17: 42 
flavoscuta, 17: 42, 438, 45, 46, 55 
furcata, 17: 42, 48, 55 
juvenis, 17: 42 
melissae, 17: 42, 43, 50, 51, 56 
nigra, 17: 42, 43, 46-48, 55 
omani, 17: 43, 48, 56 
quinquemaculata, 17: 42 
vanduzeti, 17: 42, 43, 48-50, 56 
Eurhynchium pulchellum var. robustum, 
17: 133 


Fagaceae, 16 spp., 16: 91 
Farancia abacura, 17: 40 
Fishes, age and growth in Kentucky of, 
17: 57 
food habits of, 16: 98 
movements and eapture in Oklahoma 
of, 17: 88 
(see also: Lamprey) 
Flora, bibliography of Korean, 17: 1 
moss, of Kentucky, 17: 131 
vascular plants, of Meade Co., Ky., 
16: 88 
Floras, biblography of state, 17: 114 
Food, of Ancistrodon in Kentucky, 17: 
31,08 
of bluegill in Kentucky, 16: 98 
of foxes in Kentucky, 16: 102 
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5-Formyl-8-quinolinol, preparation of, 
17: 135 
Fox, gray 16: 102 
red, 16: 102-104 
Foxes, food, in Central Kentucky of, 
1G: 102 
Funaria americana, 17: 131 


flavicans, 17: 131 


Gale, Larry R., 16: 102 
Gallus domesticus, 16: 103 
Gentianaceae, 3 spp., 16: 95 
Geraniaceae, 2 spp., 16: 93 
Giles, Jack K., 16: 49 
Goldfish, 17: 142, 145 
Goode, Sister Alice Maria, 17: 1 
Gramineae, 77 spp., 16: 89 
Guernsey, Lee, 17: 101 
Gunn, Charles R., 17: 114 
Guttiferae, 6 spp., 16: 94 


Hall, John F., 17: 140 
Hamamelidaceae, 2 spp., 16: 92 
Hancock, Hunter M., 17: 88 
Heines, Sister Virginia, 16: 80 
Heleidae, 16: 2, 11, 12 
Heleinae, 16: 12 
Hemiptera, as fish food, 16: 99, 100 
Hippoeastanaceae, 1 sp., 16: 93 
Homoptera (see Cicadellidae) 
Hunt, W. Wallace, 17: 78 
Hydrobaeninae, 16: 8 
Hydrophyllaceae, 2 spp., 16: 95 
Hyla cinerea cinerea, 17: 81-83, 85 
crucifer crucifer, 17: 40, 82, 85 
phaeocrypta, 17: 38, 40 
phaeocrypta phaeocrypta, 17: 82, 84, 
85 
squirella, 17: 82, 83, 85 
versicolor versicolor, 17: 82, 84, 85 
Hylidae (see Salientia) 
Hymenoptera, as fish food, 16: 99, 100 


Ichthyomyzon fossor, 16: 53, 54 
gagei, 16: 53, 54 
greeleyi, 16: 53, 54 
hubbsi, 16: 53, 54 
Ictalurus lacustris punctatus, 17: 97 
melas, 17: 142 
Ictiobus bubalus, 17: 98, 142 
cyprinellus, 17: 144 
niger, 17: 98 
Infrared Spectra, 17: 135 
Tridaceae, 4 spp., 16: 90 
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Jones, Sanford L., 17: 66 
Juglandaceae, 8 spp., 16: 91 
Juneaceae, 4 spp., 16: 90 


Kentucky, bluegill age and growth in, 
17: 57 
bluegill food habits in, 16: 98 
cottonmouth in, 17: 33 
fish sampling in impoundment of 17: 
140 
foxes, food of in central, 16: 102 
Ichthyomyzon greeleyi, occurrence of, 
in, 16: 53 
moss flora of, 17: 131 
Nematocera from a Knobs Lake in, 
16: 1 
Plethodon glutinosus, 
status of, in, 17: 57 
strip mining in, 17: 101 
vascular plants of Meade, Co. in, 16: 
88 
Keown, Robert W., 16: 85 
Ketterer, C. C., 16: 16 
Kinosternon subrubrum, 17: 38 
Kirkwood, James B., 17: 57 
Korea, annotated bibliography of flora 
of, 17: 1 
Korpies, Charles J., 16: 66 


taxonomic 


Labiatae, 29 spp., 16: 95 
Lachner, Ernest A., 16: 53 
Lamprey (see Ichthyomyzon) 
Lampropeltis calligaster, 16: 103 
Lauraceae, 2 spp., 16: 92 
Lead determination, 16: 80 
Leguminosae, 38 spp., 16: 93 
Lemnaceae, 2 spp., 16: 90 
Lepibema (see Morone) 
Lepomis cyanellus, 17: 97, 145 
macrochirus, 16: 98, 100; 17: 57, 93, 
140 
megalotis megalotis, 17: 97 
microlophus, 17: 98 
Liliaceae, 24 spp., 16: 90 
Limnochironomus (see Tendipes) 
Linaceae, 1 sp., 16: 93 
Liver, effect of chlorpromazine on 
metabolism of, 17: 66 
Loranthaceae, 1 sp., 16: 91 
Lythraceae, 1 sp., 16: 94 


Magnesium acetate, 16: 40 
nitrate, 16: 40 
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Magnoliaceae, 1 sp., 16: 92 
Malvaceae, 3 spp., 16: 94 
Mannich bases, 16: 85 
Meadow, J. R., 16: 66 
Meetings of the Kentucky Academy of 
Science, 16: 31, 32, 56, 76, 106- 
110, 112; 17: 121, 148-151 
Megastomatobus cyprinella, 17: 98 (see 
also: Ictiobus) 
Membership list, 16: 23-31, 56, 76, 17: 
69 
Menispermaceae, 1 sp., 16: 92 
Mephitis mephitis, 16: 103 
Metabolism, inhibition of by chlorpro- 
mazine, 17: 66 
Methanol, conductance of magnesium 
salts in, 16: 40 
N-Methylisatin, reaction of, 17: 78 
Microhyla carolinensis carolinensis, 17: 
81, 83-85 
Microhylidae (see Salientia) 
Micropterus dolomieu dolomieu, 17: 98 
punctulatus, 17: 98 
salmoides, 17: 96, 140 
(see also: Bass) 
Microtus ochrogaster, 16: 102, 103 
sp., 16: 102 
Middleton, Austin Ralph, biography of, 
17: 77 
Mining, strip coal, economic impact of, 
iW ala 
Mink, 17: 40 
Minytrema melanops, 17: 98 
Moraceae, 2 spp., 16: 91 
Morone chrysops, 17: 57, 59, 95 
Moss, flora of Kentucky, additions to, 
7: 131 
Moxostoma spp., 17: 98 
Mus musculus, 16: 102 


Najadaceae, 1 sp., 16: 89 
Natriz erythrogaster, 17: 40 
sipedon, 17: 40 
Neff, Stuart E., 16: 1 
Nematocera, 16: 1 
News and Notes, 16: 31, 56, 76; 17: 76, 
121, 151 
Nitroparaffins, 16: 85 
5-Nitroso-8-quinolinol, 16: 21 
Notemigonus crysoleucas, 17: 142 


Odonata, 16: 1, 99, 100 
Oklahoma, fishes in Fort Gibson Reser- 
voir of, 17: 88 


Oleaceae, 3 spp., 16: 95 

O’Leary, Sister Mary Adeline, 16: 80 

Onagraceae, 7 spp., 16: 94 

Orchidaceae, 5 spp., 16: 90 

Orobanchaceae, 2 spp., 16: 96 

Orthoeladiinae (see Hydrobaeninae) 

Orthotrichum pumilum, 17: 132 
pusillum, 17: 131 

Oxalidaceae, 5 spp., 16: 93 


Paint pigments, analysis of, 16: 80 

Palpomyia sp., 16: 12 

Panzera, Pete, 16: 105 

Pelobatidae (see Salientia) 

Pelopia punctipennis, 16: 4 
stellata, 16: 5 

Pelopiinae, 16: 4 

Peromyscus leucopus, 16: 102, 103 
maniculatus bairdi, 16: 103 

Phenylmagnesium bromide, reaction of 

17: 78 

Phillips, J. P., 16: 20, 17: 135 

Phrymaceae, 1 sp., 16: 96 

Physa, 16: 1 

Phytolaccaceae, 1 sp., 16: 91 

Pickerel, mud, 17: 141, 143, 144, 145 

Pike, Northern, 17: 141, 143, 145 

Pilodictus olivaris, 17: 98 

Pinaceae, 2 spp., 16: 89 

Pitmys pinetorum, 16: 102, 103 

Plagiothecium elegans, 17: 133 
sylvaticum, 17: 133 

Plantaginaceae, 4 spp., 16: 96 

Platanaceae, 1 sp., 16: 92 

Plethodon glutinosus, 16: 57-65 
jordani, 16: 58, 59, 61, 64, 65 
kentucki, 16: 57, 58, 61, 63, 65 

Pleurozia, 17: 133 

Pleurozium, 17: 133 

Papaveraceae, 5 spp., 16: 92 

Passifloraceae, 1 sp., 16: 94 

Polemoniaceae, 6 spp., 16: 95 

Polyelectrolytes, viscosity of, 16: 16 

Polygalaceae, 3 spp., 16: 93 

Polygonaceae, 14 spp., 16: 91 

Polymers, viscosity constants of, 16: 18 

Polypodiaceae, 15 spp., 16: 88 

Pomoxis annularis, 17: 94, 146 
nigromaculatus, 17: 97, 140 
sp., 17: 38 

Portulacaceae, 2 spp., 16: 91 

President’s report, 16: 77 
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Primulaceae, 3 spp., 16: 95 

Procladius culiciformis, 16: 5, 6, 12 
pusillus, 16: 6, 7 

Prunus serotina, 16: 102 

Pseudacris brachyphona, 17: 82, 84, 86 
nigrita, 17: 40 
nigrita feriarum, 17: 82, 84, 85 
n. feriarum X P. n. triseriata, 17: 82, 

85 
Pylaisia selwynii, 17: 133 
Pyrolaceae, 2 spp., 16: 94 


8-Quinolinol, derivatives, 16: 20; 17: 
135 
5, 8-Quinolinedionedioxime, 16: 20 


Rabbit, bile flow and blood pressure of, 
16: 49 
swamp, 17: 40 
Raccoon, 17: 40, 41 
Rana areolata, 17: 40 
a. circulosa, 17: 83, 84 
catesbeiana, 17: 38, 40, 83-85 
clamitans, 17: 40, 83-85 
palustris, 17: 40, 83, 85 
pipiens 17: 38, 40 
p. sphenocephala, 17: 83, 85 
septentrionalis, 17: 86 
sylvatica sylvatica, 17: 81, 83, 84, 86 
Ranidae (see Salientia) 
Ranunculaceae, 13 spp., 16: 92 
Rat, brain and liver, effect of chlor- 
promazine on, 17: 66 
Rauia scita, 17: 131 
Rearrangement of silver B-phenyliso- 
valerate, 16: 72 
Resolutions, Kentucky Academy of 
Science, adopted by, 16: 110-112; 
17: 148 
Rhamnaceae, 2 spp., 16: 94 
Richie, Bobby G., 16: 49 
Richmondena cardinalis, 16: 102 
Rosaceae, 20 spp., 16: 92, 93 
Rotenone, fish sampling by, 17: 57, 140- 
147 
Rubiaceae, 9 spp., 16: 96 
Rutaceae, 2 spp., 16: 93 


Salamander, slimy, 16: 57 
(see also: Plethodon, Siren) 
Salicaceae, 7 spp., 16: 90, 91 
Salientia, of Kentucky, identification 
and distribution of, 17: 81 


Sampling, fish, two methods of, 17: 140 
Santalaceae, 1 sp., 16: 91 
Saxifragaceae, 4 spp., 16: 92 
Scaphiopus holbrooki holbrooki, 17: 81- 
83, 85 
Sciurus carolinensis, 16: 103 
Scrophulariaceae, 18 spp., 16: 96 
Sears, Paul G., 16: 40; 17: 123 
Sellas, James T., 16: 72 
heep, as food of foxes, 16: 103 
Shiner, golden, 17: 141-143, 145 
Shoemaker, Gradus L., 16: 85 
Sialis sp., 16: 1 
Silver B-phenlylisovalerate, 16: 72 
Silver salt, degradation of, 16: 72 
Simaroubaceae, 1 sp., 16: 93 
Siren intermedia nettingi, 17: 38, 40 
Smith, Walter T., 16: 72 
Solanaceae, 8 spp., 16: 95, 96 
Stability of Mannich bases, 16: 85 
Staphyleaceae, 1 sp., 16: 93 
Storeria dekayi, 17: 38 
Sturnelia magna, 16: 103 
Sucker, bigmouth or largemouth buffalo, 
17: 98, 141-146 
black buffalo, 17: 98 
chub, 17: 143, 144, 145 
redhorse, 17: 98 
river carp, 17: 98 
smallmouth buffalo, 17: 98, 142-145 
spotted, 17: 98 
Suis suis, 16: 103 
Sulfones, biphenolic, 16: 68 
Sulfoxides, biphenolic, 16: 66 
derivatives of, 16: 67 
Sumpter, Ward C., 17: 78 
Sunfish, green, 17: 91, 93, 94, 97, 142, 
145 
longear, 17: 91, 98, 94, 97 
redear, 17: 92, 98 
(see also: Bluegill) 
Sylvilagus floridanus, 16: 102 


Tamias striatus, 16: 103 
Tanypodinae (see Pelopiinae) 
Tanypus (see Pelopia) 
Tendipedidae, 16: 2-4 
Tendipedinae, 16: 8 
Tendipedini, 16: 9 
Tendipes decorus, 16: 10-12 
modestus, 16: 9, 10 
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plumosus, 16: 11 
Thamnophis sauritus, 17: 40 
Thelia asprella, 17: 132 

lescurii, 17: 132 
Thuidium delicatulum, 17: 133 

minutulum, 17: 131 
Thymelaeaceae, 1 sp., 16: 94 
Tiliaceae, 2 spp., 16: 94 
Treasurer’s Report, 16: 112 
Trichoptera, 16: 99, 100 
Turner, William R., 16: 98 
Turtles, 17: 40 
Typhaceae, 1 sp., 16: 89 
Typhlocyba collina, 17: 42 

stachydearum, 17: 42 
Ulmaceae, 5 spp., 16: 91 
Umbelliferae, 11 spp., 16: 94 
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